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Percutaneous Absorption of Toxic Substances in 


Industry 


FREDERICK D. MALKINSON, M.D., Chicago 


Industrial poisoning occurs from the ab- 
sorption of toxic substances through one or 
more of the following routes: the skin, the 
respiratory tract, the gastrointestinal tract, 
and the mucous membranes of the body 
orifices, including the conjunctiva. A\l- 
though the largest number of cases of 
toxic absorption follows respiratory inhala- 


Received for publication May 13, 1959. 

From the Section of Dermatology, Department 
of Medicine, The University of Chicago. 

Based on a paper delivered before the Sym- 
posium on Industrial Dermatoses of the American 
Academy of Dermatology and Syphilology, Chicago, 
Dec. 10, 1957. 


tion, many industrial poisons are absorbed 
through the skin either preferentially or as 
an auxiliary portal of entry. Before dis- 
cussing these compounds in more detail the 
salient physiological factors which govern 
percutaneous absorption will be briefly sum- 
marized.}* 

Passage of materials into the skin occurs 
through two main routes, the transepidermal 
and the transappendageal, the latter implying 
absorption mainly through the pilosebaceous 
apparatus (Figure). Transepidermal ab- 
sorption, particularly as regards liquid water, 
electrolytes, and certain water-soluble non- 


Left, a diagrammatic scheme of cross section of human skin showing the two principal 
pathways of percutaneous absorption. Right, similar cross section showing (4) epidermis, 
(B) corium, (a) stratum corneum disjunctum, (>) stratum corneum conjunctum (superficial 
barrier), (c) stratum granulosum, (d) stratum malpighii, (¢) basal-cell layer, (f) hair fol- 
licle, (g) hair, (h) sebaceous gland, (1) capillaries. 


A.M.A. ARCHIVES OF 
ASG 
if 
3 
A 
4 
= 
4 
11/87 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


dissociable substances, is determined largely 
by a barrier superficially situated between the 
upper corneum and the stratum 
malpighii of the epidermis. Rein, whose ex- 
periments originally demonstrated the pres- 
ence of this barrier, concluded that the 
membrane’s negative electrical charge pre- 


stratum 


vented penetration of anions, while cations 
were prevented from passing by electrostatic 
forces.4° 

Recently Szakall succeeded in isolating the 
superficial barrier in human volunteers by 
repeated applications of adhesive cellophane 
tape, and he showed that its anatomical posi- 
tion corresponds with the lower stratum 
corneum, or stratum conjunctum.® Szakall 
demonstrated the fine fibrillar network of the 
barrier and its properties of elasticity and 
great tensile strength. Once this barrier has 
been passed in vivo there is seemingly no 
further impediment to diffuse penetration of 
the remaining cell layers of the epidermis. 
Most substances will then pass freely into 
the corium to enter the circulation via the 
papillary capillaries, although there are some 
materials for which the basement membrane 
at the dermal-epidermal junction seems to 
provide a second barrier. 

The most important group of substances 
passing into the skin via the transepidermal 
route are the lipid-soluble compounds. Their 
penetrability is apparently dependent on the 
presence of a sterol-phosphatide framework 
within cell membranes. Lipid-soluble sub- 
stances are rapidly absorbed through the 
skin, particularly if they are also moderately 
soluble in water. The type of vehicle into 
which these substances are incorporated in- 
fluences their absorption very little. Promi- 
nent among lipid-soluble compounds readily 
absorbed by the skin are phenol in dilute 
solutions *™® and phenolic derivatives 1°"; 


hormones, such as estrogen)? proges- 
terone,’® and desoxycorti- 
costerone *°; vitamins D*!*4 and K,?5> and 
free organic bases, such as strychnine 76 and 
nicotine.*® 


Another large group of elements and com- 
pounds which enters the skin via_ the 
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transepidermal route are those substances 
which are in a gaseous or vapor state at 
ordinary temperatures, although here there 
is appreciable transfollicular absorption as 
well. 

The transfollicular absorption route by- 
passes the epidermal barrier and provides a 
pathway to the corium through the relatively 
permeable cells of the sebaceous glands and 
follicular walls. Subsequent spread into the 
corium may be followed by penetration of 
the epidermis from below, but upward diffu- 
sion ceases at the level of the epidermal 
barrier. Electrolytes and certain heavy 
metals, especially mercury, are the com- 
pounds of chief importance which enter the 
skin by this route. Potentiation of absorp- 
tion via the pilosebaceous apparatus can be 
obtained by the use of vehicles which pro- 
vide an increased wetting effect and allow 
for close contact of incorporated substances 
with follicular epithelium. 

The sweat glands are considered to be of 
little importance in transappendageal ab- 
sorption. The best evidence for this is the 
relatively poor absorption through epidermis 
of the palms and soles. Despite the fact that 
the palms and soles have by far the greatest 
number of sweat glands per unit surface 
area, the absence of hair follicles at these 
sites apparently prevents inward passage of 
substances preferentially absorbed by the 
pilosebaceous apparatus. 

It is apparent from a consideration of the 
basic principles of percutaneous absorption 
that there are several factors which may alter 
the permeability of the skin under industrial 
working conditions. 


One of the most important of these is 
trauma. Obviously, abrasions and_lacera- 
tions interrupt the continuity of the super- 
ficial barrier and substances which penetrate 
intact skin by either the transepidermal or 


transfollicular route will now pass through 


abraded skin sites far more rapidly and in 
much greater quantities. Thermal burns and 
chemical injuries from acids, alkalis, etc., 
also alter skin permeability, and it is gen- 
erally accepted that absorption is increased 
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at skin sites affected by inflammatory derma- 
toses. Furthermore, it is important to re- 
member that after physical injury to the 
barrier full reconstitution of barrier func- 
tion requires a period of two-four days.” 

Moisture has long been known to promote 
percutaneous absorption, particularly in the 
case of substances which enter by the trans- 
follicular route. Excessive heat and humidity 
or excessively warm clothing which results in 
increased sweating and diminished evapora- 
tion of sweat provide wet skin surfaces 
from which absorption is facilitated. Simi- 
lar circumstances accompany inadvertent 
wetting of the skin during various work 
procedures. Increased skin moisture may 
also result from the use of highly occlusive 
skin coverings which suppress insensible 
water loss and thereby facilitate cutaneous 
absorption. This is one of the important 
factors in cases of industrial poisoning which 
follow spillage of material into rubber boots 
or rubber gloves. A major consideration 
relating to increased skin surface moisture 
concerns the penetration of gases and vapors, 
many of which are absorbed far more effec- 
tively by the skin in an aqueous solution than 
in the form of the dry gas. 

Widely used industrial organic solvents, 
such as benzene and alcohol, promote absorp- 
tion of water-soluble substances by solution 
of lipids contained in the cell membrane 
framework. Experimental evidence indicates 
that absorption of lipid-soluble substances is 
also enhanced by these solvents.1*?4 With- 
out doubt, inadvertent wetting of the skin 
or, worse, washing of the skin with these 
materials alters skin permeability. 

As might be expected, percutaneous ab- 
sorption of a given substance may be quan- 
titatively increased when greater amounts 
of that substance are present on the skin. 
This is of particular importance in industrial 
work where fine dusts may settle on the skin 
surface. It has been shown that hair is an 
excellent collector of particulate matter from 
the atmosphere,*’ and where excessive quan- 
tities of such material are deposited on hir- 
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sute surfaces percutaneous absorption may 
be significantly affected. 


There have been numerous reports in the 
medical literature concerning the percuta- 
neous absorption of a wide variety of sub- 
stances in quantities sufficient to produce 
toxic systemic effects. Not infrequently one 
or more of the conditions already described 
as facilitating absorption (wetting of the 
skin, etc.) has also been implicated. It is 
not possible to present here a detailed discus- 
sion of all those substances which can be 
absorbed by the skin in toxic amounts. In- 
stead, a few of these compounds or groups 
of compounds will be considered more fully, 
following which a general list of other toxic 
substances will be briefly presented. 


Organic Phosphorus Compounds 


Shortly after World War II information 
became available on certain organic phos- 
phorus compounds developed in Germany 
as insecticides. The three compounds in this 
group which have been most widely used 
in the United States are tetraethyl pyrophos- 
phate (TEPP), hexaethyl tetraphosphate 
(HETP), and parathion, an ester of thio- 
phosphoric 

Extensive pharmacological investigations 
of the organic phosphorus insecticides have 
shown that their chief toxic manifestations 
resemble those produced by excessive stimu- 
lation of the parasympathetic nervous sys- 
tem, the central nervous system, and somatic 
motor nerves.?® The outstanding biochemical 
property of these substances is their inhibi- 
tion of the enzyme cholinesterase, permitting 
accumulation of acetylcholine and thereby 
acting as cholinergic agents.®® By this means 
these compounds attack insects or animals in 
concentrations having little or no effect on 
plants. Poisoning in experimental animals 
is characterized by increased respiratory 
rate, incoordination, generalized muscular 
twitchings, miosis, loss of sphincter con- 
trol, tonic and clonic convulsions, and, ulti- 
mately, respiratory failure. Parathion, unlike 
HETP or TEPP, may produce cumulative 
as well as acute toxic effects. 
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The organic phosphorus insecticides are 
absorbed through the skin, respiratory tract, 
conjunctiva, and gastrointestinal tract. Al- 
though poisoning often results from entry 
of material via two or more routes, many 


cases are on record of toxicity resulting 
mainly from absorption through the skin.*!** 
The good lipid solubility of parathion, to- 
gether with some water solubility, insures 
its inward passage by this route. Work done 
at the Communicable Disease Center ** has 
shown that the acute cutaneous LDs5o for rats 
ranges from 11-21 mg. per kilogram of 
parathion, and Lehman ** has reported that 
the acute cutaneous LDs9 of parathion for 
rabbits is 40-50 mg. per kilogram. Later ex- 
periments by Jensen et al. with S*5-labeled 
parathion showed significant radioactivity in 
both the blood and the urine after cutaneous 
application of this material to the skin of 
rabbits.%* 

In humans excessive exposures to the or- 
ganic phosphorus insecticides have occurred 
both in processing plants and during spray 
operations. For the first five years alone in 
which these insecticides were manufactured 
and used in this country the number of re- 
ported poisonings totaled almost 200 cases.*! 
Among the eight fatalities recorded,®! the 
majority resulted from respiratory inhala- 
tion combined with percutaneous absorption, 
and one death followed percutaneous ab- 
sorption alone. The Council on Pharmacy 
of the American Medical Association ®° has 
made the following recommendations for the 
reduction of absorption of these compounds 
through the skin: production workers should 
wear complete protective equipment, in- 
cluding natural rubber gloves, goggles, 
rubber overshoes, and aprons ; workmen en- 
gaged in spraying operations can omit rub- 
ber aprons and rubber overshoes if care is 
exercised, but clothing worn by workmen 
should be washed and not worn home; if the 
insecticides contact the skin the worker 
should stop immediately to wash with soap 
and water and to change into clean clothes ; 
workmen should routinely bathe each day 
after work and change into uncontaminated 
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clothing. Obviously, adequate exhaust ven- 
tilation is necessary for production workers. 

Another toxic phosphorus compound 
which penetrates the intact skin is trior- 
thocresyl phosphate. Although this substance 
is relatively insoluble in water, it is miscible 
with the common organic solvents and with 
vegetable oils. Triorthocresyl phosphate is 
widely used as a plasticizer in the manufac- 
ture of plastics and has certain direct mili- 
tary uses. It is also important in the 
manufacture of cable sheaths, textile coat- 
ings, and synthetic rubber. 

The outstanding signs and symptoms of 
poisoning from this compound arise from 
central and peripheral nervous system in- 
volvement. 

Absorption of triorthocresyl phosphate oc- 
curs through the skin, respiratory tract, and 
gastrointestinal tract. Gross and Grosse,3* 
testing cutaneous absorption, found that ap- 
plication to the skin of the rabbit ear canal 
produced death within 4 to 17 days. Hodge 
and Sterner,5* with use of triorthocresyl 
phosphate labeled with radioactive phos- 
phorus, demonstrated that this material was 
absorbed through the palmar skin of hu- 
mans and through the abdominal skin of 
dogs. In the dog localization of the com- 
pound was subsequently found im_ the 
visceral organs, muscles, brain, and bone. 
Hodge and Sterner ** concluded that the 
magnitude of percutaneous absorption, 
though quantitatively less than 1%, was suf- 
ficient to pose a real hazard in industrial 
operations permitting considerable or re- 
peated exposure to this highly toxic com- 
pound. Hunter et al.*® reported three cases 
of toxic polyneuritis arising from industrial 
exposure to triorthocresyl phosphate and 
concluded that absorption of this substance 
in these patients occurred through both the 
cutaneous and the pulmonary route. 

Recommended measures for prevention of 
poisoning include elbow-length gloves to pro- 
tect the hands and arms and the use of 
special clothing during working hours. Ade- 
quate exhaust ventilation and facilities for 
daily bathing should be provided. 
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Chlorinated Hydrocarbons 


The chlorinated hydrocarbons comprise 
another family of insecticide compounds 
which may penetrate the skin in toxic quan- 
tities. In man toxicity to these substances is 
manifested by headache, fever, joint pains, 
gastrointestinal tract symptoms, and central 
nervous system symptoms, with convulsions 
often preceding death. Absorption studies 
with lindane, the y-isomer of hexachlorcy- 
clohexane, have shown that rabbits develop 
toxic symptoms after daily applications of 
an ointment in doses of 20 mg. lindane 
per kilogram.*” Topical applications of 40% 
lindane in acetone*! and both oily and 
aqueous suspensions of lindane ** applied to 
the skin surface have all produced fatalities 
in laboratory animals. Several cases of hu- 
man poisoning resulting solely from ab- 
sorption of lindane through the skin ** or 
combined with absorption through the respir- 
atory tract #45 have been reported in in- 
dustrial workers and in persons using the 
compound for spraying purposes. Moreover, 
Horton et al.*? have concluded from animal 
experiments that cutaneous absorption is 
great enough to prohibit the use of lindane 
in clothing at effective insecticidal levels 
(i.e., at levels of 2 gm. per square foot of 
cloth). It should be emphasized, however, 
that when used judiciously and in small 
amounts lindane is a valuable scabecide. The 
application of 30 gm. of a 1% lindane oint- 
ment followed 24 hours later by a single 
additional application of ointment is a safe 
and effective treatment procedure for 
scabies. 


DDT is another chlorinated hydrocarbon 
insecticide with toxicity for humans.*® Al- 
though DDT in powder form is not ap- 
preciably absorbed by the skin,*? repeated 
topical application of this compound in oily 
bases or in organic solvents produces toxic 
symptoms or death in dogs, rabbits, and 
other laboratory animals.47*® In experi- 
mental animals and—less clear-cut—in man 
the symptoms of poisoning are predomi- 
nantly those of central nervous system ex- 
citation followed by depression. The skin 
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has been the sole route or an auxiliary route 
of absorption in cases of toxicity occurring 
both among laboratory personnel ® and hu- 
man-study volunteers.°' The margin of 
safety is higher with DDT than with lindane, 
however, since DDT is harmless in powder 
form even when small amounts are applied 
to open wounds.** Likewise, 0.5% sprays 
are nontoxic. Cameron and Burgess warn,** 
however, that men handling sprays of con- 
centrations higher than 0.5% must take 
precautions against skin contamination. 

Chlordane is perhaps the most potent and 
dangerous insecticide in the group of 
chlorinated hydrocarbon compounds. Since 
it is lipid-soluble it penetrates the skin with 
great ease and Ambrose et al.,5* working with 
rats, have found that for chlordane in cotton- 
seed oil the percutaneous route is even more 
toxic than oral administration of comparable 
amounts of the compound. The explanation 
for this probably lies in the fact that oral 
administration is shortly followed by at least 
partial detoxification via the hepatic circula- 
tion. Derbes and co-workers * published the 
first detailed report of death from chlordane 
poisoning in an industrial worker after 
spillage of chlordane suspension on the 
clothing. Several deaths at home and among 
agricultural workers from skin absorption 
alone or in combination with respiratory 
absorption have also been  recorded.™ 
Toxaphene, aldrin, and dieldrin—additional 
members of the series of chlorinated hydro- 
carbons—have been shown to penetrate the 
intact skin of laboratory animals in toxic 
quantities.>** A recent report has described 
dieldrin poisoning in man occurring from 
absorption through the skin as an auxiliary 
route of entry.®8 


Carbon tetrachloride, another chlorinated 
hydrocarbon compound, may be absorbed to 
some degree through the skin. The recent 
work of McCollister and his associates, 
however, has demonstrated that absorption 
by this route is insignificant. Using C**- 
labeled carbon tetrachloride vapor these 
workers found negligible amounts of radio- 
active material in samples of blood and 
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expired air taken from monkeys exposed 
to 485 and 1,150 ppm for as long as 270 
minutes. Since these carbon tetrachloride 
vapor concentrations far exceed the recom- 
mended limit of 25 ppm, absorption of this 
compound through intact skin is of no prac- 
tical significance as a health hazard under 
controlled industrial conditions. 


Amines 


Certain amines are known to penetrate the 
skin readily, and in recent years the develop- 
ment of urinary bladder carcinomas in 
chemical and dyestuff workers exposed to 
benzidine and substituted benzidine deriva- 
tives has aroused great interest‘in this group 
of compounds. 

Benzidine is used by dyestuff manufac- 
turers as raw material for dyeing cotton 
and has considerable value as an analytic 
reagent. The substituted benzidines dichloro- 
benzidine, dianisidine, and o-tolidine, and 
the aromatic amines, a- and B-naphthylamine 
are also useful as dye intermediates. 

In the past 60 years reports from Ger- 
many, Italy, England, Switzerland, and the 
United States have all cited evidence that 
workers involved in the manufacture of 
benzidine, especially for periods of 10 years 
or longer, have an unusually high incidence 
of bladder tumors. Barsotti and Vigliani ® 
performed cystoscopy in 142 of 280 workers 
exposed for 17 benzidine, a- 
naphthylamine, and B-naphthylamine. Of 
these, 18 had carcinoma of the bladder and 
17 additional workers had papillomas or 
other unclassified bladder tumors. Benzidine 
and B-naphthylamine were the most po- 
tent carcinogenic agents. In another series 
Scott ® reported 23 cases of papilloma or 
carcinoma of the bladder among workers 
exposed only to benzidine and reviewed 66 
cases of confirmed bladder tumors arising in 
employees of a dyestuffs factory. Many ad- 
series of cases described in the 
world literature before and since record 
similar findings. Case et al.,® in a detailed 
study, have included an historical review of 
the subject, while Bonser et al. discussed 


years to 


ditional 
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the metabolic fate and carcinogenic prop- 
erties of benzidine and related compounds. 


Meigs and co-workers ® found in human 
volunteers that both benzidine and o-tolidine 
penetrate unbroken skin as shown by 24- 
hour urinary excretion of quinonizable sub- 
stance. The significance of the percutaneous 
absorption of benzidine and related com- 
pounds had first been suspected by Meigs 
et al. when they were unable to account for 
the urinary excretion of these substances on 
the basis of inhalation alone. Subsequently 
a good correlation was found between the 
degree of contamination of underclothing 
and glove linings worn by the workers and 
the urinary excretion of benzidine pro- 
ducts. Furthermore, environmental factors 
of high air temperature and high relative 
humidity were shown to increase percutane- 
ous absorption as measured by urinary 
diamine excretion. Excretion of quinonizable 
substances in exposed workers dropped 
sharply after strict personal hygiene meas- 
ures were enforced and clean work clothes 
were provided daily. These and other studies 
led Meigs and his co-workers to the con- 
clusion that skin contamination—principally 
from work clothing—with subsequent ab- 
sorption of benzidine and related compounds 
provides the chief portal of entry of these 
substances into the body.** The observations 
of Barsotti and Vigliani ® support this con- 
clusion, since they observed a_ significant 
drop in the incidence of bladder carcinomas 
when benzidine production was halted at the 
benzidine sulfate step. The explanation for 
this lies in the fact that organic bases are 
known to be absorbed by the skin far better 
than their salts.2® Nonetheless, the incidence 
of carcinoma is not entirely abolished by ex- 
posure only to benzidine salts.® 

Preventive measures against benzidine 
absorption have consisted of adequate ven- 
tilation, rigorous methods for decreasing 
contamination of skin and clothing, altera- 
tions in methods of manufacture, the use 
of a minimum number of personnel for 
production steps that are most apt to in- 
crease exposure, and careful preliminary 
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and follow-up examination of workers, in- 
cluding periodic cystoscopy. 


Aniline is readily absorbed through the 
intact skin, and acute or chronic poisoning 
may follow. The chief industrial use of this 
compound is in the organic synthesis of 
many chemicals, 


especially azodyestuffs. 
Acute aniline poisoning is due to methemo- 
globin formation with accompanying cyano- 
weakness, mental confusion, and, 
ultimately, coma, shock, and cardiac failure. 
Chronic aniline poisoning may occur, but 
there is no evidence that this substance in- 
duces formation of bladder carcinomas. 
Hamblin and Manglesdorff ® described a 
typical case of acute industrial poisoning 
from percutaneous absorption in a worker 
whose shoes became contaminated with 
aniline oil while he was cleaning up the 
liquid spilled from a tank. In past years 
the use of aniline dye stamps on diapers 
was also an occasional cause of aniline 
toxicity in infants. Graubarth and co-work- 
ers © reported 17 cases of poisoning from 
percutaneous absorption of aniline in a 
nursery using aniline-stamped diapers and 
reviewed several similar instances of toxicity 
previously reported. 

The nitro derivatives of 
aniline, also penetrate the skin and produce 
methemoglobin. Fatal and nonfatal cases of 
poisoning from combined respiratory and 
cutaneous absorption have been reported in 
dock workers and, rarely, in employees of 
dye-manufacturing plants.”° 


sis, 


nitroanilines, 


Miscellaneous Compounds 


Nicotine poisoning by absorption of the 
free base through the skin has been demon- 
strated in experimental animals ™*? and 
has been reported in humans both among 
industrial workers manufacturing nicotine 
insecticides and among florists and garden- 
ers using these preparations.) The 
classic features of poisoning include vomit- 
ing, dyspnea, coma, convulsive seizures, and 
respiratory paralysis. It should be noted 
here that as in the case of benzidine, absorp- 
tion of nicotine sulfate is almost nil in 
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contrast to the excellent penetration of the 
free base nicotine; laboratory animals can- 
not be poisoned by topical application of 
the sulfate compound. 

Dinitrophenol poisoning in industry often 
occurs after penetration through the skin 
as the chief portal of entry with respiratory 
inhalation as an auxiliary route.” Toxic 
effects include hyperpyrexia, peripheral neu- 
ritis, cyanosis, and death. Twenty-seven 
fatalities occurred in the munitions indus- 
tries alone in World War I," and recently 
Saita 7® has reported occupational poisoning 
among workers impregnating wood with 
dinitrophenol. 

Hydrogen cyanide may produce severe 
toxic effects in humans after its absorption 
from the skin.77 Walton and Witherspoon 
found that hydrogen cyanide gas penetrates 
intact skin and produces death in experi- 
mental animals exposed to from 5.5 mg. 
to 15.0 mg. per liter of air. Schiitze 7 re- 
ported that in cats 1.16% and 2.0% of hy- 
drogen cyanide produced rapid poisoning 
and death after absorption of the gas through 
intact skin. Schiitze 7 exposed the skin of 
his own forearm to 2.2 and 5.5 vol. % of 
HCN and became very ill. Both Fairley and 
co-workers * and Flury and Wather *! have 
also dealt with the absorption of hydrogen 
cyanide through skin 
membrane surfaces. 


gas and through 
Potter de- 
scribed a typical case of acute poisoning in 
an industrial worker who spilled liquid 
hydrogen cyanide on his hand. 


mucous 


It has been known for many years that 
the sex hormones readily penetrate the 
skin. In male workers engaged in the man- 
ufacture of stilbesterol, absorption occur- 
ring solely through the skin or accompanied 
by respiratory inhalation has produced many 
instances of gynecomastia and, occasionally, 
loss of libido or impotence.™ 

Among miscellaneous substances which 
have produced poisoning in industry or at 
home after absorption through the skin as 
the sole or auxiliary route of entry into 
the body are nitrobenzene,§*** nitroglyc- 
ethylene chlorohydrin,§®™ arsenic 
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acid,®! and thioglycolic Additional 
compounds which have been shown experi- 
mentally or, rarely, clinically to be capable 
of penetrating the skin in toxic quantities 
are hydrazine®; many of the fluoroace- 
tates dinitro-o-cresol **; butyl Cello- 
solve 8; the boron hydrides, pentoborane 
and decaborane ethylene dibro- 
mide 12; carbitol 1%; tetraethyl lead 10410; 
ammonia gas 17; diethyl and dimethyl de- 
rivatives of paraphenylenediamine 108. chlo- 
roprene ®; pentachlorphenol and sodium 
pentachlorphenate morpholine™?; xy- 
lidine and monomethylaniline,"* and carbon 
disulfide." 

For certain compounds the significance 
of the percutaneous route of absorption in 
humans has been doubtful or unsettled. 
One of these is hydrogen sulfide. Schiitze 7 
was unable to demonstrate systemic effects 
in cats and guinea pigs exposed over one- 
fourth of the body surface to 100% hydro- 
gen sulfide for one hour, but Walton and 
Witherspoon “8 induced poisoning in guinea 
pigs after exposing one-half of the skin 
surface to 100% hydrogen sulfide gas for 
38-45 minutes. Similarly, Laug and 
Draize }14 were able to poison rabbits via 
the cutaneous route with pure hydrogen 
sulfide. Yant ! stated, however, that in man 
exposure of the entire body surface to 2% 
hydrogen sulfide for 30 minutes produces 
no systemic effects. Industrial poisoning by 
hydrogen sulfide is rare, and it seems likely 
that toxic symptoms result almost entirely 
from pulmonary absorption of the gas. 

Perhaps the most widely debated topic 
concerning the skin as a route of absorption 
for toxic materials is the question of the 
percutaneous absorption of trinitrotoluene. 
Moore’s early investigations 1'* establishing 
the skin as the main portal of entry were 
initially supported by the similar conclusions 
of Hamilton? and others (cited by von 
Oettingen et al.8). But von Oettingen and 
his co-workers '!* later claimed that the 
cutaneous route is of minor importance 
compared to either inhalation or inges- 
tion of trinitrotoluene. While it seems likely 
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that percutaneous absorption of trinitro- 
toluene was slight in many instances of 
poisoning, penetration by this route may 
have been much more important in some 
cases. The rather frequent occurrence of 
severe dermatoses in trinitrotoluene work- 
ers '!§ provided ample opportunity for con- 
tact with skin in which the superficial 
barrier was damaged or completely denuded 
(as in oozing surfaces). Furthermore, in 
von Oettingen’s studies 18 the evidence for 
only slight absorption through intact human 
skin rested on observations of penetration 
through the palms of two volunteers. Tri- 
nitrotoluene is insoluble in water, however, 
and its ability to breach the superficial bar- 
rier must be nil. Since absorption of this 
compound takes place preferentially through 
the pilosebaceous apparatus, which is entire- 
ly lacking on the palms, it seems likely that 
studies of penetration hair-bearing 
skin sites would have shown more signif- 
icant uptake. 


Decontamination of Radioactive 
Substances 


Contamination of the ‘skin with radio- 
active materials constitutes an important 
modern industrial hazard. The dangers are 
twofold: excessive local radiation effects in 
the skin and percutaneous absorption with 
widespread dissemination of radioactive ma- 
terial. The latter is particularly important 
where cutaneous abrasions and lacerations 
are present. Only a few salient facts relating 
to the prevention of percutaneous absorp- 
tion of radioactive substances will be dis- 
cussed here. Appropriate local and systemic 
decontamination procedures after contamina- 
tion of intact and abraded skin surfaces 
have been studied and reviewed else- 
where '!*122; the excellent report of Finkel 
and Hathaway 18 should be read by those 
particularly interested in this subject. 


Where intact skin becomes contaminated 
with soluble radioactive materials rapid 
decontamination is best accomplished by 
thorough 10-30 minute washings with syn- 
thetic detergents. The utmost care should 
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be taken to avoid spread of radioactive 
material to previously uncontaminated areas, 
and where shaving of the skin is necessary 
in preparation for surgical repair of wounds 
it must be deferred until the contaminating 
materials are removed. Great care is neces- 
sary in the use of wetting and complexing 
agents for washing. In experimental ani- 
mals Loeffler and Thomas ™! found that, 
although these agents effectively removed 
radioactive substances from the skin sur- 
face, they also increased percutaneous 
absorption of these same radioactive com- 
pounds. This is not surprising, since wetting 
agents facilitate transfollicular absorption 
by providing closer contact with follicular 
epithelium and complexing agents aid ab- 
sorption by increasing water solubility. 
Where intact skin becomes contaminated 
with insoluble materials decontamination 
procedures need not be carried out as an 
immediate emergency measure but can be 
employed in a specially equipped decon- 
tamination room, The important exception 
here concerns materials which are of high 
enough activity to present a radiation haz- 
ard to the skin. Again the use of complexing 
agents to increase solubility of these sub- 
stances is contraindicated. In fact, for 
abraded rat skin, Loeffler and Herron '*? 
showed that decontamination of Sr*®-la- 
beled SrSO,4 with edathamil (ethylenedia- 
mine tetra-acetate) was followed by systemic 
absorption of 5%-7% of radioactive ma- 
terial, whereas no absorption whatever was 
demonstrable for this practically insoluble 
compound when water alone was used. 
When contamination is complicated by 
abrasions, lacerations, and wounds, prompt 
decontamination is a required procedure, 
since the major difficulty now will be that 
of dealing with deposition of systemically 
absorbed radioisotopes. Decontamination 
measures are carried out as for intact skin 
and continuous saline irrigations are indi- 
cated after initial cleansing of the wound. 
Necrotic and devitalized tissue must be sur- 
gically removed, and block dissection may 
be necessary around depositions of foreign 
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material. Constant monitoring of the wound 
with radiation detection devices should be 
carried out during these procedures. Med- 
ical techniques for increasing excretion of 
absorbed radioelements include the systemic 
use of edathamil calcium-disodium and per- 
haps zirconium citrate, as well as the pro- 
cedure of isotope dilution via water-loading, 
the technique employed in each case de- 
pending on the specific isotope absorbed.!*4 


Summary 


The physiological principles governing 
percutaneous absorption through normal and 
abnormal skin sites are reviewed. Numerous 
examples of industrial poisoning after pene- 
tration of toxic compounds through the 
skin have been presented. 

In conclusion, it is emphasized that cutane- 
ous absorption is an important feature of 
any consideration of industrial hazards. It 
is, perhaps, second only to the lungs as a 
route of entry for toxic products. In broad 
terms, routine study of such compounds 
as relates to potential cutaneous absorption 
demands a thorough knowledge of several 
factors: the physiology of cutaneous ab- 
sorption through normal and abnormal 
skin; the lipid and water solubilities of the 
given compound, as well as its tendency to 
vaporization if not in the gaseous state; the 
ability of the compound to produce inflam- 
matory changes in the skin which might 
increase skin permeability; the rate and 
extent of absorption of the compound and 
the nature of its toxic effects in various 
vehicles after penetration of normal and 
abnormal skin sites in laboratory animals; 
the conditions to be encountered in contact 
with the substance which might enhance 
absorption—factors such as skin moisture, 
trauma, and use of strong solvents; the im- 
portance of added absorption via other 
routes of entry, and the effective means of 
preventing significant absorption through 
any of these pathways. 


Section of Dermatology, Department of Medi- 
cine, The University of Chicago (37). 
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The Aliphatic Acids and Their Esters: Toxicity and 
Potential Dangers 


The Saturated Monobasic Acids and Their Esters: 
Aliphatic Acids with Three to Eighteen Carbons and Their Esters 


W. F. von OETTINGEN, M.D., Ph.D. Bethesda, Md. 


Propionic Acid 


Chemistry.—Propionic acid, propanoic acid, CHs- 
CH:COOH, has the molecular weight 74.08. It is 
a colorless liquid of pungent odor; has the specific 
gravity 0.993 at 20/4 C, the melting point —20.8 C, 
and boiling point 141.4 C. It is miscible with water, 
alcohol, and ether, and, in contrast to the lower 
homologues, it may be salted out from its aqueous 
solutions by means of calcium chloride and other 
readily water-soluble salts. With ferric salts and 
arsenic trioxide it gives the same reactions as acetic 
acid, and its lead salt is less soluble in hot than in 
cold water (Rosenthaler, 1923). 

Uses.—Propionic acid is used as esterifying agent, 
in the manufacture of cellulose propionate, of ester 
solvents, fruit flavors, and perfume bases, and as 
fungistatic agent. 

Antiseptic Properties —As shown by Bach (1932) 
propionic acid has moderate antiseptic properties, 
and it is in this respect somewhat more effective 
than acetic acid. Peck and Rosenfeld (1938) 
showed that it has fungistatic properties down to 
concentrations of 0.004 mol per liter, and that it is 
in this respect somewhat superior to acetic acid but 
inferior to the higher homologues with straight 
carbon chains. Miller (1939) studied the retarding 
effect of its sodium and calcium salts on molds in 
dairy products; and Keeney (1943) found that 
1.25% solutions adjusted to pH 5.5 had fungistatic 
properties for Trychophytum purpureum, Epi- 
dermophyton inguinale, Microsporum  audounii, 
Candida albicans, Aspergillus fumigatus, and 
Aspergillus flavus, that one-tenth this concentra- 
tion (0.125%) prevented the growth of Try- 
chophytum gypseum, Trychophytum  violacum, 
Epidermophytum rubrum, Epidermophytum inter- 
digitale, Trychophytum schoenleinii, and Micro- 
sporum lanosum, and that 0.0125% solutions 
prevented the growth of Blastomyces dermatitidis. 
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Clinical studies on the efficacy against various 
fungus infections were published by Keeney and 
Broyles (1943). 


Irritant Action. — Propionic acid causes 
moderate irritation of the human skin. As 
shown by Oettel (1936), its contact with 
the human skin for 40 minutes caused dis- 
tinct burning pain, erythema, and hyperemia, 
but less marked than that observed with 
acetic acid. This was followed by moderate 
erythema and pigmentation, and very mod- 
erate necroses. 

Absorption, Fate and Excretion.—Propi- 
onic acid is readily absorbed from the gas- 
trointestinal tract. There is no evidence that 
it is absorbed through the intact human 
skin, and in view of its high boiling point 
its absorption through the lungs appears 
quite remote. As shown by Blum (1910), 
and MacKay, Wick and Barnum (1940), it 
is not oxidized with the formation of ketone 
bodies by rabbits with adequate amounts of 
glycogen in the liver. As shown by Ringer 
(1912), and Rittenberg, Schoenheimer and 
Evans (1937), it is largely converted to 
glucose in phlorizinized animals, and ac- 
cording to Buchanan, Hastings and Nesbett 
(1943) it is partly converted to glycogen in 
fasted rats, in contrast to acetic acid. It 
appears to be not excreted as such in the 
urine, because, as shown by Hermann and 
associates (1938), it is decomposed in the 
intestine by bacterial destruction. 

Toxicity for Laboratory Animals.—Pro- 
pionic acid is comparatively little toxic. Ac- 
cording to Mayer (1886) the intravenous 
injection of 2.2 gm. per kilogram, given as 
14% solution, causes in rabbits marked 
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dyspnea, increased cardiac action, pareses, 
and frequent urination, followed by recov- 
ery within 24 hours. Similar effects, al- 
though less severe, were seen in dogs after 
intravenous injection of 0.55 gm/kg. (given 
as 10% solution), and in cats after subcu- 
taneous injection of 1 gm/kg., given as 
10% solution. As shown by Fodera (1894) 
the injection of 2 cc. of a 5% neutralized 
solution of propionic acid, corresponding to 
0.1 gm., causes in frogs fibrillary twitchings 
and pareses, lasting about 24 hours. As re- 
ported by Hermann (1930) the intravenous 
injection of 0.37 gm. (given as N/2 solu- 
tion) causes in dogs a distinct, although 
temporary, fall of the blood pressure. 

Toxicity for Man.—There are no reports 
on toxic effects of propionic acid in man, 
and dangers and hazards from this material 
appear quite remote. 


Aliphatic Esters of Propionic Acid 
Table 1 gives a synopsis of the physical- 
chemical properties of the five lowest ali- 


phatic esters of propionic acid. It shows 


that their specific gravity and solubility in 
water decrease with their molecular weight, 
and that their boiling points and flash points 
move in the opposite direction. 


It also gives a partial list of the com- 
pounds for which these esters are used as 
solvents, and it illustrates their extensive 
use. In spite of this, none of these com- 
pounds have been studied toxicologically 
in detail. 

Treon and associates (1949) determined 
the minimal lethal dose for methyl pro- 
pionate with oral administration to rabbits 
as 2.55 to 3.2 gm/kg., and found that such 
doses cause ataxia, prostration, labored, 
gasping respiration, and marked hyper- 
thermia. For ethyl propionate they gave 
the minimal lethal oral dose as 3.2 to 3.95 
gm/kg., the symptoms being the same as 
reported with the lower homologue. As 
shown by Vogel (1897) the oral adminis- 
tration of 0.6 and 1.0 cc/kg. causes in 
rabbits stimulation of the respiratory vol- 
ume. According to Fihner and Neubauer 
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(1907) the in vitro hemolytic action of the 
propionic acid esters increases with the 
molecular weight from methyl over ethyl to 
propyl propionate, the minimum effective 
concentrations being 0.34, 0.17, and 0.06 mol 
per liter, respectively. 

There are no reports on the toxic effects 
of these esters for man, and, in view of 
their relatively high vapor pressure, toxic 
effects from the inhalation of their vapors 
seem to be quite remote. 

An ether-ester of propionic acid which 
has been studied toxicologically is ethyl-B- 
ethoxy propionate, ethoxypropionic acid 
ethyl ester, 
which has the molecular weight 146, spe- 
cific gravity 0.948 at 25/25 C, and boils at 
165-172 C (Scheflan and Jacobs, 1953). 
According to Smyth, Carpenter and Weil 
(1954) it is very little toxic, the oral LDs5o 
for rats being 5.0 gm/kg., and that with 
cutaneous application to rabbits about 10 
cc/kg. Its contact with the skin causes a 
minimum degree of irritation, and when in- 
stilled into the eye it causes some irritation. 


Butyric Acid 


Chemistry —Butyric acid, butanoic acid, CHs- 
CH.CH:COOH, is a colorless liquid of the molec- 
ular weight 88.10 and the specific gravity 0.958 at 
20/4 C, which melts at —5.5 C, boils at 164.1 C, 
and which is miscible with water, alcohol, and 
ether. Its flash point is 170 F (76.67 C) (closed 
cup method). It may be salted out from its aqueous 
solutions by means of calcium chloride. The sodium 
salt differs from that of propionic acid by its great 
solubility in amyl alcohol. When heated with 
sulfuric acid and methanol, or with potassium 
ethyl sulfate, a pineapple-like odor is formed 
(Rosenthaler, 1923). 

Antiseptic Properties—As shown by Bach 
(1932) butyric acid has antiseptic properties which 
are more marked than those of propionic acid. 
Similarly, Peck and Rosenfeld (1938) found that 
its fungistatic action for Trychophyton gypseum 
is greater than that of the lower homologues, the 
minimum concentration being 0.00113 mol per liter 
(0.01%), as compared with 0.00405 mol per liter 
and 0.00498 mol per liter for propionic acid and 
acetic acid, respectively. 


Irritant Action.—The irritant action of 
butyric acid is less marked than that of 
propionic acid. According to Oettel (1936) 
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the application to the intact human skin is 
followed only after 52 minutes by very 
moderate burning, and erythema and hyper- 
emia are hardly noticeable; this is followed 
within 24 hours by slight scaling of the 
epidermis. 

Absorption, Fate and Excretion. — Bu- 
tyric acid is absorbed from the gastrointesti- 
nal tract, but other routes of absorption 
have apparently not been studied. As to its 
fate in the metabolism, Marx (1910) found 
that its oral administration to fasted dogs 
results occasionally and its intraperitoneal 
injection regularly in the excretion of aceto- 
acetic acid, and that this ketogenic action is 
less marked in animals fed carbohydrates. 
Blum (1910) showed that in dogs the sub- 
cutaneous injection of butyric acid results 
in the excretion of B-hydroxybutyric acid, 
acetoacetic acid, and acetone ; the B-hydroxy- 
butyric acid being presumably formed 
secondarily from acetoacetic acid. Ehrmann 
(1913) found acetoacetic acid and acetone 
in the urine of rabbits after oral administra- 
tion of butyric acid. Bloch and Rittenberg 
(1944) showed that, after oral administra- 
tion to rats, a considerable portion of bu- 
tyric acid is metabolized to acetic acid. 
Experiments of Rittenberg, Schoenheimer 
and Evans (1937) indicate that this oxi- 
dation takes place rapidly. It evidently takes 
place in the liver, as indicated by perfusion 
experiments with this organ by Embden, 
Salomon, and Schmidt (1906), and Emden 
and Engel (1908), and the experiments 
with liver slices and liver juice as reported 
by Leloir and Munoz (1939). From the 
reports of Ciaranfi (1938) and Kleinzeller 
(1943) it appears, however, that similar 
oxidative processes may also take place in 
the kidneys. Experiments reported by 
Buchanan, Hastings and Nesbett (1943) 
with rats show that oral administration of 
butyric acid will increase the glycogen con- 
tent of the liver. 

Toxicity of Butyric Acid for Animals.— 
Butyric acid causes a depression of the cen- 
tral nervous system, as demonstrated in 
frogs by Fodera (1894) and Sternberg 
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(1898). According to the latter, doses of 
0.1 gm. cause only clumsy movements, doses 
of 0.3 gm. prolonged depression, and doses 
of 0.5 gm. profound depression, followed 
by death after several days. Similarly Mayer 
(1886) reported that in rabbits the intra- 
venous administration of 1.6 gm/kg. of 
sodium butyrate causes a marked temporary 
depression of the central nervous system. 
According to the same author the intra- 
venous injection of 0.86 gm/kg. of sodium 
butyrate, given as 30% solution, causes in 
dogs vomiting, staggering, and deep sleep 
lasting one hour. Similar effects were pro- 
duced in cats after subcutaneous doses of 
0.5 gm/kg. (given as 10% solution): Marx 
(1910) and Ehrmann (1911, 1913) pointed 
to the similarity between diabetic coma and 
the toxicological picture produced by the 
intravenous injection of butyric acid. 

Ehrmann and Esser (1911) found that 
the oral administration of small doses of 
sodium butyrate does not materially affect 
the circulation, whereas, as shown by Ehr- 
mann (1913), large intravenous doses im- 
pair the cardiac action and cause a fall of 
the blood pressure, presumably on account 
of formation of B-hydroxybutyric acid and 
acetoacetic acid. Loewy and Ehrmann 
(1911) noted in rabbits a decrease of the 
carbon dioxide content of the blood during 
coma produced by the oral administration 
of 3.3 to 3.6 gm/kg. of sodium butyrate, 
which presumably was also produced by 
the formation of keto bodies. Fiihner and 
Neubauer (1907) studied the in vitro he- 
molytic action of butyric acid, the minimum 
effective concentration being 0.0081 mol per 
liter. 

According to Ehrmann (1911) the fatal 
dose of butyric acid with oral administration 
for rabbits is 3.6 to 3.7 gm/kg., and ac- 
cording to Dreyfus (1920) the toxicity for 
the same species is greatest with rectal ad- 
ministration, less marked with subcutaneous 
injection, and least with oral administration. 

There are no reports on toxic effects of 
butyric acid for man. 
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Aliphatic Esters of Butyric Acid 


As illustrated in Table 2, the specific grav- 
ity and solubility in water of the aliphatic 
esters of butyric acid decrease with the 
molecular weight, whereas boiling point and 
flash point move in the opposite direction. 

There are only very few reports on the 
toxicological properties of these compounds. 
Fihner and Neubauer (1907) studied the 
hemolytic properties of the two lowest mem- 
bers of this series in vitro, and determined 
the minimum effective concentration of 
methylbutyrate as 0.14 mol per liter, and 
that of ethyl butyrate as 0.06 mol per liter. 

According to Albertoni and Lussana 
(1874) the ethyl ester causes, in doses of 
3 gm. (given in 60 cc. of water), no toxic 
effects in dogs. Similarly, the intravenous 
injection of 177 mg/kg. into the femoral 
vein, and of 222 mg/kg. into the jugular vein 
caused no toxic effects. Doses of 300 mg. 
given orally to one rooster and one pigeon 
had neither local nor systemic effects, 
whereas larger doses caused marked irrita- 
tion. According to Vogel (1897) doses of 
2.14 cc/kg. in rabbits cause an increase of 
the respiratory volume. 

Smyth, Seaton, and Fischer (1941) stud- 
ied the toxicity of another butyric acid ester, 
triethyleneglycol diethyl butyrate, also called 
“Flexol” plasticizer 3GH, triglycol-dicapro- 
ate, or triglycol-dihexoate, C5sH1,;COOCHe- 
which accord- 
ing to Scheflan and Jacobs (1953) has the 
molecular weight 346.5, the specific gravity 
0.9946 at 20/20 C, a boiling point of 358.0 C 
at 760 mm. Hg and a flashpoint of 385 F 

(196.11 C) (open cup method), and which 
is soluble in water to the extent of 0.02 
parts per 100 at 20 C. They found it very 
little toxic, the oral LDso for rats being 8.42 
gm/kg., and that for guinea pigs 3.13 
gm/kg. 

Smyth, Carpenter and Weil (1951) 
studied the toxicity of vinyl butyrate 
and found that 
its oral toxicity for rats is 8.530 gm/kg., that 
air saturated with its vapors may be inhaled 
by rats for 30 minutes without death, and 
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that exposure for four hours to a concentra- 
tion of 4000 p.p.m. was fatal to three out of 
six animals. There was no evidence of irrita- 
tion of the skin or of the eyes. 

In spite of the paucity of information on 
the toxicity of butyric acid esters, it appears 
that these are of a low order of toxicity. 


Isobutyric Acid 


Isobutyric acid, methylpropanoic acid, 
(CHs)e2CHCOOH, is a colorless liquid of 
molecular weight 88.10, specific gravity 
0.949 at 20/4 C, freezing point —47 C, 
which boils at 154.7 C, is soluble in water to 
the extent of 20 parts per 100 at 20 C, and 
miscible with alcohol and ether. It differs 
from butyric acid in that it is less soluble in 
water, and that its salts are generally more 
water-soluble than those of butyric acid. 

Peck and Rosenfeld (1938) determined 
the minimum fungicidal concentration for 
Trychophyton gypseum as 0.00795 mol per 
liter, as compared with 0.00113 mol per liter 
found for butyric acid. Very little is known 
on the pharmacological and _ toxicological 
properties of this compound. According to 
Embden, Salomon and Schmidt (1906) it 
differs from butyric acid in that it does not 
form acetone in the perfused liver. As shown 
by Loewy and Ehrmann (1911) doses of 
5 to 6.1 gm/kg. of sodium isobutyrate cause 
in rabbits no coma but a decrease of the 
carbon dioxide content of the blood. Ehr- 
mann (1911) determined the oral fatal dose 
for rabbits as 8 gm/kg.; isobutyric acid 
being, therefore, less toxic than butyric acid, 
for which the corresponding value was 
found to be 3.6 to 3.7 gm/kg. body weight. 

There are no reports on the toxicity of 
isobutyric acid for man. 


Valeric Acid 


Valeric acid, pentanoic acid, CHsCHe- 
CH2CH2COOH, has the molecular weight 
102.13. It is a colorless liquid of unpleasant 
odor and the specific gravity 0.940 20/4 C, 
which melts at —34.5 C and boils at 186.4 C. 
It is soluble in water to the extent of 3.3 
parts per 100 at 16 C, and it is miscible with 
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alcohol and ether. Its sodium salt is much 
more soluble in acetone than those of pro- 
pionic and butyric acid (Rosenthaler, 1923). 

As shown by Peck and Rosenfeld (1938), 
the fungistatic properties of valeric acid are 
considerably more marked than those of 
butyric acid, the minimum effective concen- 
tration being 0.000293 and 0.00113 mol per 
liter, respectively. 

Regarding its fate in the metabolism, 
Griesbach (1910) believed that valeric acid 
is oxidized completely in depancreatized and 
phloridzinized dogs, but, according to Mac- 
Kay, Wick and Barnum (1940), its oral 
administration to rabbits with adequate 
amounts of glycogen in the liver gives rise 
to the presence of keto-bodies in the blood. 

Effect of Valeric Acid on Animals.— 
Fodera (1894) found that doses of 0.3 gm. 
cause no toxic effects in frogs. Mayer 
(1886) noted only a very moderate depres- 
sion of the central nervous system of rabbits 
after intravenous injections of 0.71 and 1.35 
gm/kg. given as 10% solutions of sodium 
valerate, whereas the subcutaneous injection 
of 1.1 gm/kg. was without noticeable effect. 
In dogs, intravenous injection of 0.5 gm/kg. 
caused diuresis, vomiting, defecation, and 
somnolence, followed by rapid recovery. In 
cats, the intravenous injection of 0.3 to 0.98 
gm/kg. caused somnolence, the intensity of 
which increased with the dose. Loewy and 
Ehrmann (1911) found that, in contrast to 
butyric acid, the oral administration of 
valeric acid does not cause coma in rabbits. 
According to Fiihner and Neubauer (1907) 
the hemolytic action in vitro is of the same 
order as that of butyric acid, the minimum 
effective concentration of both acids being 
0.0081 mol per liter. 


There are no reports on the toxic effects 
of valeric acid on man. 


Alkylesters of Valeric Acid 


Ethyl valerate, CHs(CH2);COOC2H,, is 
a colorless liquid of the molecular weight 
130.18, specific gravity 0.877 at 20 C, freez- 
ing point — 19.2 C and boiling point 145.5 C. 
It is soluble in water to the extent of 0.24 


30/106 


parts per 100 at 25 C, and it is miscible with 
alcohol and ether. 

There is very little information on the 
toxicity of this compound. Vogel (1897) 
stated that oral doses of 1.5 cc/kg. cause in 
rabbits an increase of the respiratory volume, 
ethyl valerate being evidently more potent in 
this respect than ethyl butyrate, for which 
the corresponding dose was given as 2.1 
cc/kg. However, it is questionable whether 
these data are sufficiently quantitative to al- 
low such a conclusion. 


Isovaleric Acid 


One of the isomers of valeric acid is 
isovaleric acid, or dimethylpropionic acid, 
(CHs)2»CHCHsCOOH. It has the molec- 
ular weight 102.13 and the specific gravity 
0.925 at 20/4 C. It is a colorless liquid of 
acid taste and disagreeable rancid-cheese 
odor, the freezing point of which is —29.3 C, 
and which boils at 176.5 C. It is soluble in 
water to the extent of 4.2 parts per 100 at 
20 C, and it is miscible with alcohol, chloro- 
form and ether. The calcium salt of iso- 
valerianic acid is more than twice as soluble 
as that of the normal acid, its solubility at 
20 C being 21.80 gm. per 100, as compared 
with 8.80 gm. per 100 of the latter (Seidell, 
1919). 

According to Peck and Rosenfeld (1938) 
the minimum effective fungicidal concentra- 
tion of isovaleric acid for Trychophyton 
gypseum is 0.00293 mol per liter. 

As shown by Embden, Salomon, and 
Schmidt (1906) perfusion of the liver with 
isovaleric acid results in the formation of 
considerable amounts of acetone, and Blum 
(1910) showed that, in contrast to valeric 
acid, it is oxidized in the body to acetoacetic 
acid and subsequently to acetone, which was 
confirmed by Lang and Adickes (1940). 

There are no data on the toxicity of this 
compound for animals or man. 


Alkylesters of Isovaleric Acid 


Of alkylesters of isovaleric acid only the 
butylester, butylisovalerate, (CH3)2»CHCHe- 
COOC4Hsg, is of some interest. It is a color- 
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less neutral liquid of peculiar, not unpleasant 
odor, of the molecular weight 158.23 and 
specific gravity 0.862 at 25/4 C, which boils 
at 168.8 C, and which has the flash point 
127.4 F (53 C). According to Gnamm 
(1943) it is used as solvent for cellulose 
acetate and celluloid. 

Its toxicity has evidently not been studied, 
nor has it given rise to toxic effects in man. 


Methyl-Ethyl-Acetic Acid 


Another isomer of valeric acid is methyl- 
ethyl-acetic acid, methyl-butyric acid, CoH;- 
CHsCHCOOH, which is a colorless liquid 
of unpleasant odor, the molecular weight 
102.13, and the specific gravity 0.938 at 
20/20 C, which boils at 174-177 C, and is 
slightly soluble in water but miscible with 
alcohol and ether. According to Seidell 
(1919) the solubility of its calcium salt in 
water of 20 C is 25.23 gm. per 100. 

According to Peck and Rosenfeld (1938) 
the minimum fungistatic concentration of the 
acid for Trychophyton gypseum is the same 
as for valeric and isovaleric acid, namely 
0.00293 mol per liter. 

According to Lang and Adickes (1940) 
it is less readily oxidized by liver tissue than 
isobutyric acid. 


Trimethyl-Acetic Acid 


Trimethyl-acetic acid or pivalic acid 
(CH3)3;CCOOH is another isomer of valeric 
acid. It forms colorless needles of the spe- 
cific gravity 0.905 at 50 C which melt at 
35.5 C and boil at 163.8 C. It is soluble in 
water of 20 C to the extent of 2.1 gm. per 
100, and it is very soluble in alcohol and 
ether. According to Seidell (1919) the sol- 
ubility of its calcium salt in water of 20 C 
is only 6.14 gm. per 100. 

According to Dziewiatkowski and Lewis 
(1945) single oral doses of 25 to 250 mg. 
per 100 grams of body weight, given as 
sodium salt, cause no toxic effects in young 
white rats, nor were these observed when 
doses of 25 to 100 mg. per 100 grams were 
administered daily for periods from 7 to 14 
days. Similarly, the salt was found relatively 
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nontoxic for rabbits. The ingestion was fol- 
lowed by a considerable increase of the 
urinary glucuronic acid, indicating that it is 
not completely oxidized in the organism, but 
partly excreted as glucuronide. 


Caproic Acid 


Caproic acid, hexanoic acid, CH3(CH2)4- 
COOH, is an oily liquid of unpleasant odor, 
the molecular weight 116.16, and the specific 
gravity 0.931 at 15/4 C, which melts at —4 C 
and boils at 205.4 C. It is soluble in water 
to the extent of 1.10 parts per 100 at 20 C, 
and it is soluble in alcohol and ether. Its 
calcium salt is soluble in water up to 2.18 
gm. per 100 at 20 C (Seidell, 1919). 

According to Peck and Rosenfeld (1938) 
it has marked fungicidal properties, the 
minimum effective concentration of Try- 
chophyton gypseum being 0.00077 mol per 
liter. 


Experiments reported by  Rittenberg, 


Schoenheimer, and Evans (1937) indicate 
that, like butyric acid, caproic acid is rapidly 


oxidized in the organism; that it is not stored, 
nor converted to higher fatty acids, and that 
for this reason it is not a fat-former in the 
accepted sense. Leloir and Munoz (1939) 
assumed that caproic acid is oxidized by B- 
oxidation, and studies by Morehouse and 
Deuel (1940) indicate that 8-oxidation also 
plays an important part in the oxidative 
metabolism of caproic acid. 

Smyth and Carpenter (1944) estimated 
the minimal fatal dose for rats with single 
oral administration as 3 gm/kg. of body 
weight, and that for guinea pigs with 
cutaneous application at 5.0 gm/kg. They 
found that it causes marked irritation of the 
skin and of the eyes. Hall and Waldman 
(1946) found that the intravenous injection 
of 3 cc. of sodium caproate per kilogram, 
given as 0.25 molar solution in a 25% solu- 
tion of human albumin (103.62 mg/kg.), 
caused disturbances of the cardiac rhythm 
characterized by multiple ventricular ectopic 
systoles, various types of coupled beats, and 
idioventricular rhythm. 
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Alkylesters of Caproic Acid 


The alkylesters of caproic acid are evi- 
dently not used industrially. The octylester 
occurs in the fruits of Gingho biloba, but it 
has evidently not been studied toxicologically, 
except that, according to Oettel (1936), its 
application for five hours to the intact hu- 
man skin causes no signs of irritation. 

According to Deuel, Hallman, Butts, and 
Murray (1936) the administration of ethyl- 
caproate to fasting rats gives rise to ketonu- 
ria which is somewhat less marked than that 
produced by sodium caproate. 


Isocaproic Acid 


Isocaproic acid, 2-methylpentanoic-5-acid, 
(CHs)CH(CHe)2COOH, has the molecular 
weight 116.16, and is a colorless liquid of the 
specific gravity 0.923 at 20/4 C, which melts 
at —33 C and boils at 199.5 C. It is very 
slightly soluble in water but soluble in alcohol 
and ether. 

Embden, Salomon and Schmidt (1906) 
found no evidence of acetone formation 
when this acid was perfused through livers, 
but Lang and Adickes (1940) found that 
digestion with liver tissue does yield acetone, 
presumably because of demethylization and 
B-oxidation. 

There are no reports on the toxicity of 
this acid for animals or man. 


Diethylacetic Acid 
Diethylacetic acid, (CsH;)2CHCOOH, 


another isomer of caproic acid, has the mo- 
lecular weight 116.16, and is a colorless 
liquid of the specific gravity 0.920 at 18/0 
C, which melts at —15 C, boils at 195 C, 
and which is slightly soluble in water and 
soluble in alcohol and ether. 

Embden and Wirth (1910) found that 
perfusion of the liver with this acid yields 
some ketonic compounds, presumably aceto- 
acetic acid and 1-8-hydroxybutyric acid. 
Blum and Koppel (1911) found that feeding 
the acid in doses of 11.6 gm. to dogs fasted 
for 24 hours resulted in the excretion of 
methyl-propyl-ketone with the urine, and 
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they assumed that this is formed by B-oxida- 
tion. 

There are no reports on the toxicity of this 
material for animals or man. 


Heptanoic Acid 


Heptanoic acid, heptoic acid, oenanthylic 
acid, CH3(CH2)s;COOH, has the molecular 
weight 130.18. It is a colorless liquid of the 
specific gravity 0.922 at 15/4 C, which melts 
at —7.5 C, boils at 223.0 C, and is soluble in 
water to the extent of 0.25 parts per 100 at 
15 C, and soluble in alcohol and ether. It is 
one of the constituents of fusel oil. 

Peck and Rosenfeld (1938) determined 
the minimum fungistatic concentration of 
heptanoic acid for Trychophyton gypseum 
as 0.00053 mol per liter. 

According to MacKay, Wick, and Barnum 
(1940) the administration of heptanoic acid 
to rabbits gives rise to keto-bodies in the 
blood, and, as pointed out by Leloir and 
Munoz (1939), it appears to undergo f- 
oxidation in the organism. Hall and Wald- 
man (1946) noted that the intravenous 
injection of 114.12 mg/kg., given as 0.25% 
molar solution in 25% human albumin solu- 
tion, causes in cats anesthetized with sodium 
pentobarbital disturbances of the cardiac 
rhythm, such as multiple ventricular ectopic 
systoles, various types of coupled beats, and 
idioventricular rhythm. 


Aliphatic Esters of Heptanoic Acid 


The only aliphatic ester of heptanoic 
acid of interest is the ethyl ester, ethyl hep- 
tanoic acid, ethyl oenanthate, CH3(CHe)s- 


COOC2H;. It has the molecular weight 
158.23, and is a colorless liquid of pleasant 
odor of the specific gravity 0.872 at 20/20 C, 
which melts at —66.1 C, boils at 187-188 C, 
and which is soluble in water of 20 C to the 
extent of 0.029 parts per 100, and miscible 
with alcohol, chloroform, and ether. 

According to Oettel (1936) contact for 
five hours with the human skin causes no 
irritation, and according to Vogel (1897) 
oral doses of 1.88 cc/kg. cause in rabbits a 
slight increase in respiratory volume. 
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Its toxicity for animals or man has ap- 
parently not been studied. 


Caprylic Acid 


Caprylic acid, octanoic acid, CH3(CH2) 
COOH, has the molecular weight 144.21. It 
forms colorless leaflets of the specific gravity 
0.908 at 20/4 C, which melt at 16.3 C, boil at 
239.3 C, and which are soluble in water of 
100 C to the extent of 0.25 parts per 100, 
and soluble in alcohol, carbon disulfide, 
chloroform, and ether. Its calcium salt is 
soluble in water to the extent of 0.28 gm. 
per 100 at 40 C (Seidell, 1919). 


Peck and Rosenfeld (1938) determined 
the minimum fungistatic concentration of 
caprylic acid for Trychophyton gypseum as 
0.0028 mol per liter. 

Leloir and Munoz (1939) showed that 
caprylic acid is oxidized when incubated 
with liver slices, with the formation of 
ketonic acids. According to Lang and 
Adickes (1940), this results also in the 
formation of acetone. Weinhouse, Medes, 
and Floyd (1944) showed that the aceto- 
acetic acid thus formed is further broken 
down with the formation of acetone, but it 
appears that only a small fraction of ca- 
prylic acid can be accounted for by the for- 
mation of ketone bodies or by complete 
oxidation to carbon dioxide, and it appears 
that part of the acid undergoes a nonoxida- 
tive reaction leading to its fixation in the 
tissue. 

Hall and Waldman (1946) showed, in ex- 
periments with pentobarbitalized cats, that 
the intravenous injection of 124.65 mg/kg. 
of sodium caprylate, given as 5 cc. of a 0.25 
molar solution in a 25% solution of human 
albumin, causes disturbances of the cardiac 
rhythm, characterized by multiple ectopic 
ventricular systoles, various types of coupled 
beats, and idioventricular rhythm, which 
could be antagonized by the administration 
of potassium salts. Perfusion experiments 
with the isolated frog heart reported by 
Elliott, Kipple and Hall (1947) showed 
further that concentrations between 0.000625 
to 0.025 mol, in glucose-Ringer solution, in- 
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crease the cardiac output under conditions of 
constant venous pressure and peripheral 
resistance, and that this effect is brought 
about by an increase in stroke volume, ap- 
parently because of an improvement of the 
contractility of the muscle. 


Esters of Caprylic Acid 


Ethyl caprylate, CHs(CH2)sCOOC2Hs, 
has the molecular weight 172.26 and is a 
colorless liquid of the specific gravity 0.871 
at 15/4 C, which melts at —43.2 C and boils 
at 208.5 C, and which is insoluble in water 
but soluble in alcohol and ether. 

According to Deuel, Hallman, Butts, and 
Murray (1936) its administration to fasting 
rats results in a more marked ketonuria 
than observed with the methyl esters of 
capric, lauric, and myristic acid. 

The vinyl ester of 2-ethylhexanoic acid, 
vinyl-2-hexanoate, was studied by Smyth 
and associates (1954), who determined its 
oral LDs9 for rats as 4,290 mg/kg., and 
found that rats may tolerate without fatal- 
ities exposure for eight hours to a saturated 
vapor-air mixture, and that the mixture 
causes some irritation of the skin and the 
eye. 

The triethylene glycol caprylate, “Plas- 
ticizer SC” (Drew) is, according to Mallette 
and von Haam (1952), practically nontoxic, 
rats tolerating the intraperitoneal injection 
of 6 gm/kg. or more. Its topical application 
causes in rabbits moderate irritation of the 
skin but no evidence of sensitization. 


The corresponding ester of 2-ethylhex- 
anoic acid, triethylene glycol di-(2-ethyl- 
hexaoate), is even less toxic, inasmuch as 
the oral LDs0 for rats and guinea pigs is 
31.37 and 20.58 gm/kg., respectively, as de- 
termined by Smyth and associates (1941). 

The glyceryl ester of caprylic acid, tricap- 
rylin, glyceryltricaprylate, (C;H,;;COO)s- 
C3Hs, has the molecular weight 470.67, and 
is a colorless liquid of the specific gravity 
0.954 at 20/4 C which melts at 8.3 C, and is 
insoluble in water but soluble in 85% alco- 
hol and ether. 
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According to Powell (1930) it is evidently 
largely oxidized in rats, because its feeding 
results only in traces of caprylic acid in body 
fats, and according to Verkade and van der 
Lee (1934) it has only weak diacidogenic 
action. 


Pelargonic Acid 


Pelargonic acid, nonanoic acid, CHs- 
(CH2);COOH, has the molecular weight 
158.23 and is a colorless oil of the specific 
gravity 0.906 at 20/4 C, which melts at 
12.5 C and boils at 253-254 C, and which is 
very slightly soluble in water but soluble in 
alcohol, chloroform, and ether. 

As shown by Peck and Rosenfeld (1938) 
it has fungistatic action, the minimum effec- 
tive concentration for Trychophyton gyp- 
seum being 0.00021 mol per liter. 

According to Smith (1926) pelargonic 
acid is completely oxidized in dogs, but, ac- 
cording to MacKay, Wick, and Barnum 
(1940), it may give rise to the presence of 
keto-bodies in the blood, when fed to rabbits 
with adequate liver glycogen and without 
ketosis. 


Esters of Pelargonic Acid 


The ethyl ester of pelargonic acid causes, 
according to Oettel (1936), no irritation of 
human skin when applied for five minutes. 

The triglyceryl ester, trinonylin, has ac- 
cording to Verkade and van der Lee (1934) 
only weak diacidogenic action. 

The diethylene glycol ester, diethylene gly- 
col dipelargonate, “Plastolein X-55” (Em- 
ery), is practically nontoxic for rats, the 
animals tolerating the intraperitoneal injec- 
tion of 6 gm/kg. or more. Its topical ap- 
plication causes in albino rabbits slight 
irritation but no sensitization (Mallette and 
von Haam, 1952). 


Capric Acid 
Caprice acid, decanoic acid, CH3(CH2)s- 
COOH, has the molecular weight 172.26, and 
forms colorless needles of the specific gravity 
0.883 at 35/4 C which melt at 31.4 C, boil at 
268.70 C, and which are very slightly soluble 
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in water but soluble in alcohol, benzene, 
chloroform, and ether. It occurs as ester in 
butter fat and fusel oil. 

According to Witzemann (1934) capric 
acid is largely oxidized to carbon dioxide 
by a mixture of hydrogen peroxide and 
disodium phosphate, only small amounts of 
acetic acid and acetaldehyde being formed in 
this reaction. 

As shown by Blum (1910) the sub- 
cutaneous injection of capric acid results in 
dogs in an increased excretion of acetoacetic 
acid, acetone, and £-hydroxy-butyric acid, 
the latter being presumably formed from 
acetoacetic acid. 

Hall and Waldman (1946) showed that in 
pentobarbitalized cats the intravenous injec- 
tion of 3 cc/kg. of an 0.25 molar solution in 
25% human albumin solution (= 145.69 
mg/kg.) causes similar abnormalities of the 
cardiac beat, but it causes them more fre- 
quently than observed with caprylic and 
caproic acid. 


Esters of Capric Acid 


The triglyceryl ester of capric acid, tri- 
caprin, has the molecular weight 554.83, and 
forms colorless crystals of the specific 
gravity 0.921 at 40/4 C which melt at 31 C 
and which are insoluble in water, soluble in 
benzene and hot ethanol, and very soluble in 
ether. 

According to Verkade and van der Lee 
(1934) its ingestion by man is followed 
by the urinary excretion of considerable 
amounts of diacidoic acid, whereas, as shown 
by Verkade, van der Lee and van Alphen 
(1937), this is very limited in dogs. 


Undecanoic Acid 


Undecanoic acid, undecylic acid, CHs- 
(CH2)gCOOH, has the molecular weight 
186.29, and forms colorless crystals of the 
specific gravity 0.891 at 30 C which melt at 
29-30 C and boil at 228 C at 160 mm. Hg., 
and which are insoluble in water but soluble 
in alcohol and ether. 

Whereas the free acid has apparently not 
been studied with regard to its “biological 


Vol. 21, Feb., 1960 


pyc i 

| 

4 

| 

ie 
ag 
| 

4 

bade 

| 


effects, the triglyceride was studied by 
Verkade and coworkers (1933, 1934) who 
found that its ingestion results in the forma- 
tion of little or no keto-bodies, and results in 
no increased excretion of lactic acid but in 
a considerable excretion of diacidoic acid. 
MacKay, Wick, and Barnum (1940) found 
that feeding of the ethyl ester to rabbits 
gives rise to the presence of ketone bodies in 
the blood, as was the case with the esters of 
valeric, heptylic, and pelargonic acid. 


Lauric Acid 


Lauric acid, dodecanoic acid, CHs- 
(CHz)109COOH, has the molecular weight 
200.31, and forms colorless needles of the 
specific gravity 0.871 at 50/4 C which melt 
at 44.1 C, boil at 255 C at 100 mm. Hg., and 
are insoluble in water, but soluble in alcohol, 
benzene, ether, and petroleum ether. It oc- 
curs as glyceride in many fats, and its alkali 
salts may be salted out by sodium chloride 
but less readily than with the higher aliphatic 
acids. 

Whereas the free acid has evidently not 
been studied biologically, feeding of the 
triglyceride, trilaurin, to rats resulted in 
the formation of fat deposits containing as 
much as 25% of lauric acid ( Powell, 1930), 
and Verkade and van der Lee (1934) found 
that it has practically no diacidogenic action. 
According to Kesten, Salcedo and Stetten 
(1945) feeding of ethyl laurate at a level 
of 35-40% to young rats receiving no 
choline resulted in death from heart failure 
in three to six days, the animals suffering 
from a diffuse interstitial myocarditis, which 
could be prevented by feeding adequate 
amounts of choline, betaine, or methionine. 
Quantities of up to 25% could be fed with- 
out fatalities. According to Deuel and asso- 
ciates (1936) administration of ethyl laurate 
to fasting rats results in distinct ketonuria. 


Tridecylic Acid 


Tridecylic acid, tridecanoic acid, CH;- 
(CHe);;COOH, has the molecular weight 
214.34 and forms colorless crystals which 
melt at 41 C, boil at 199-200 C at 24 mm. 
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Hg, and are insoluble in water but very 
soluble in alcohol and ether. 

Whereas the free acid has apparently not 
been studied biologically, the triglyceride, 
tridecylin, has according to Verkade and 
van der Lee (1934) no diacidogenic action. 


Myristic Acid 

Myristic acid, tetradecanoic acid, CHs- 
(CHez)12COOH, has the molecular weight 
228.36, and forms colorless leaflets of the 
specific gravity of 0.853 at 70/4 C which 
melt at 54.2 C, boil at 250.5 C at 100 mm. 
Hg, are insoluble in water, but are very 
soluble in absolute alcohol, benzene, and 
ether. It occurs as glyceride in many fats, 
especially in those of nutmeg, coconut, and 
butter. According to Deuel and associates 
(1936) the ethyl ester of myristic acid 
causes ketonuria when fed to fasting rats. 


Palmitic Acid 


Palmitic acid, hexadecanoic acid, CHs- 
(CH2)1s4COOH, has the molecular weight 
256.42, and forms colorless platelets of the 
specific gravity 0.849 at 70/4 C which melt 
at 62.8 C, boil at 271.5 C at 100 mm. Hg, 
and are insoluble in water, very slightly 
soluble in petroleum ether, soluble in alcohol, 
and freely soluble in chloroform and ether. 
The glyceride of palmitic acid is a constitu- 
ent of many fats, the cetyl ester occurring 
in sperm oil, and the myricyl ester in bees- 
wax. 

There are no reports on the physiological 
action of palmitic acid except an observa- 
tion of Guggenheim and Loffler (1918) 
that the sodium salt causes depression of 
the isolated intestine in concentrations of 
0.01 to 0.1 gm/100 cc. 

Swern and associates (1943) synthesized 
l-ascorbylpalmitate in d-isoascorbyl pal- 
mitate, which were proposed by Riemen- 
schneider and co-workers (1944) as 
antioxidants for fats and oils. However, 
Fitzhugh and Nelson (1946) showed that 
feeding these compounds to rats in concen- 
trations of 5% in the diet caused retarda- 
tion of growth, and, in two animals, bladder 
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stones. Chronic feeding experiments ex- 
tending over a period of two years indicated 
that both compounds are nontoxic in a con- 
centration of 0.25% (2,500 p.p.m.) or less 
of the total diet of rats. 


Stearic Acid 


Stearic acid, octadecanoic acid, CHs- 
(CH2)1esCOOH, has the molecular weight 
284.47, and forms monoclinic crystals of 
the specific gravity 0.847 at 69.5 C which 
melt at 69.6 C, boil at 291 C at 110 mm. 
Hg, are soluble in water to the extent of 
0.03 parts per 100 at 25 C, slightly soluble 
in alcohol (2% at 20 C), more soluble in 
ether (6% at 15 C), and soluble in acetone 
and benzene. It is a constituent of most fats. 

As shown by Dakin (1908) the am- 
monium salt of stearic acid is oxidized by 
hydrogen peroxide in the presence of a 
trace of ferrous sulfate, at least in part, 
to B-ketones. Some of the biological proper- 
ties of this acid are mentioned in the 
comparison of physical-chemical and tox- 
icological properties of saturated aliphatic 
acids. 

As reported by Cronin (1925) contact of 
the skin with molten stearic acid may cause 
an itchy dermatitis with dryness of the skin, 
fissures, and desquamation. 

As shown by Stetten and Salcedo (1945) 
feeding of ethyl stearate at a level of 35% 
in the diet to young male rats, receiving no 
choline, causes marked fatty changes in the 
liver. 

Butyl stearate, which is used as a plasti- 
cizer, as shown by Smith (1953), is tolerated 
by rats without lethal effects in doses as 
large as 32 gm/kg. without gross pathologic 
changes, except increased respiration which 
became evident five minutes after the ad- 
ministration and lasted one or two days. 
Chronic feeding experiments extending over 
a period of two years showed that feeding 
concentrations of 1.25 and 6.25% in the 
diet affected neither the growth nor the sur- 
vival adversely; that it did not produce 
significant hematological changes in the 
peripheral blood, nor of the cellular dis- 
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tribution, or of the myeloid-erythroid ratio 
of the bone marrow. At the 6.25% level, 
butyl stearate had no effect on the fertility 
or the number of viable young rats in the 
litter, but it retarded slightly their growth. 
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The Effect of Carbon Tetrachloride on Isolated 


Perfused Rat Liver Function 


GABRIEL L. PLAA, Ph.D., and CHARLES H. HINE, M.D., Ph.D., San Francisco 


A number of techniques have been em- 
ployed in studying the effects of carbon 
tetrachloride on the liver and the mech- 
anisms through which toxic effects are pro- 
duced.! Most recently, functional alterations 
have been described in terms of biochemical 
lesions,?* the enzymatic activity of liver 
homogenate or mitochondria being estimated 
in vitro after administration of carbon tetra- 
chloride in vivo. Decreased activity was 
demonstrated only after the appearance of 
destructive histologic changes. Unfortunate- 
ly, the quantities of carbon tetrachloride 
used were immoderately large in terms of 
human toxicity. 

In this study we will report the feasibility 
of the technique of perfusing isolated rat 
livers in the study of hepatotoxicity. In this 
preliminary study we have used minimal 
doses of carbon tetrachloride in vivo and 
then determined their effect on the function 
of isolated livers as indicated by the ex- 
traction of bromsulphalein (BSP) from the 
perfusate and its excretion via the bile, the 
synthesis of p-aminohippuric acid (PAHA) 
from p-aminobenzoic acid (PABA), 
changes in over-all carbohydrate metabolism, 
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and observation of general physiological 
function. Finally, we investigated the effects 
of anaerobic conditions on the extraction 
and excretion of BSP by livers from nor- 
mal rats. 


Methods 


Animals.—Male rats of the Long-Evans strain, 
weighing 375-425 gm. were used throughout the 
study. They were intoxicated with 120, 240, 480, 
or 960 mg. per kilogram of carbon tetrachloride 
(reagent grade, fractionally distilled) at intervals 
varying from 0.75 to 48 hours before hepatectomy. 
The drug was diluted with peanut oil so that the 
dose administered would be 1.5 ml. per kilogram. 
This dose was administered subcutaneously in 18 of 
the animals; in 3 cases, it was administered intra- 
peritoneally for comparative purposes. 

Hepatectomy.—The liver was removed under 
pentobarbital anesthesia (50 mg. per kilogram intra- 
peritoneally). The bile duct was cannulated with 
PE-10 polyethylene tubing and the portal vein and 
vena cava with PE-205 tubing. The ischemic 
period (from occlusion of portal circulation to re- 
establishment by perfusion) was usually 5 to 6 
minutes and never exceeded 10 minutes. The mean 
liver weight was 13.4+2 gm. 

Perfusion Apparatus.—The liver perfusions were 
carried out in the glass apparatus with oxygenator 
modification described by Brauer et al.,°* suitably 
modified for our purposes. The pump proper con- 
sisted of a cylinder 4.5 in. long and 2 in. in diameter, 
with a Teflon piston driven by a General Electric 
1, horsepower electric motor attached to a Revco 
torque converter, Model 142X. The force of the 
pump was adjusted by altering the stroke length 
and bleeding off excess air through a needle valve. 

Perfusate.—Initially, whole rat blood was used 
as the perfusate. However, it was found that 
diluted blood maintained the organ adequately for 
the periods of experimentation (four to five hours), 
and therefore this preparation was used during the 
rest of the study. On the day previous to perfusion, 
50 to 60 ml. of blood was aspirated with a 
heparinized syringe from the abdominal aortas of 
donor rats under light ether anesthesia. The blood 
was expelled into a cylinder containing 20 mg. of 
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heparin and filtered through gauze into a flask con- 
taining 8 mg. of penicillin and 20 mg. of strepto- 
mycin. The flask was stoppered and stored at 4 C 
overnight. The blood was diluted with 80 ml. of 
albumin-Locke’s solution® and brought up to a 
temperature of 37 C just before use. In the prep- 
aration of the albumin-Locke’s solution, bovine 
plasma albumin, Fraction V, was used instead of 
crystalline bovine plasma albumin. The final pH 
was 7.45. 

General Protocol for Perfusion—After installa- 
tion of the liver in the chamber, the portal pres- 
sure was measured with a saline monometer (PE 
50) and adjusted to between 150 and 170 mm. 
(hilus=0 mm). The gas phase was 100% oxygen, 
humidified by passage through 0.9% sodium chloride 
solution. The liver was allowed to come to 
equilibrium with its perfusate; this usually took 
about 60 minutes. After the flow rate of the per- 
fusate had become constant, the experiment was 
begun. If the liver had been exposed to carbon 
tetrachloride, a portion of the right caudal lobe was 
ligated and removed for histologic examination 20 
to 30 minutes after the start of perfusion. This 
specimen was fixed in 10% formalin and prepared 
for subsequent histologic examination with stand- 
ard hematoxylin and eosin stain. The experiment 
was conducted as follows: 


Minutes Procedure 


0-60 Equilibration phase: determine perfusate 
flow and bile flow; take tissue sample; 
take samples for lactic acid and glucose 
analysis. 

60 Add BSP, PABA, glycine; insert new bile 
tube (zero time). 

70 Take 4 ml. sample of perfusate for BSP 
and PAHA determinations (10-minute 
sample); measure flow and bile produc- 
tion. 

80 Repeat sampling and flow measurements. 

100 Repeat sampling and flow measurements. 

140 Repeat sampling and flow measurements ; 
also take samples for lactic acid and 
glucose analysis. 

220 Repeat sampling and flow measurements ; 
take samples for lactic acid and glucose 
analysis; calibrate flow volume; weigh 
organ; take 1 ml. sample for final hemato- 
crit. 

Chemical Analyses—The glucose content of the 
perfusate was determined by the method of Asatoor 
and King, as described by King and Wootton; * the 
lactic acid was determined by the method of Barker 
and Summerson,’ the PABA and PAHA by the 
method of Deiss and Cohen,’ and the BSP by the 
method of Dragstedt and Mills.” The biliary BSP 
content was determined by the method of Cantarow 
and Wirts.” 


Plaa—Hine 


Statistical Methods—During the preliminary 
phases of the study, any single observation deviating 
more than 2.6 $.D. from the mean of the control 
(untreated animals) observations was arbitrarily 
ruled abnormal and indicative of hepatic dysfunc- 
tion. The probability that such an observation would 
occur at random in the control population would be 
less than 0.01, assuming normal distribution.” 
At the critical points in the study, the differences 
were statistically demonstrated by comparing the 
particular experimental group to the control group, 
using the Student f¢ test. 


Experiments 


1. Effect of Carbon Tetrachloride on BSP F x- 
traction —To select the dose of BSP to be used as 
an index of hepatic dysfunction, a series of perfu- 
sions was conducted with 10, 20, 30, and 40 mg. of 
BSP added to the perfusate. The perfusate con- 
centrations at 20, 40, 80, and 160 minutes after 
addition of the dye were expressed as fractions of 
the concentration at 10 minutes. This value was 
termed the “perfusate concentration fraction.” The 
amounts effectively extracted by normal livers were 
used to demonstrate dysfunction in the damaged 
livers. 

2. Effect of Carbon Tetrachloride on BSP Ex- 
cretion —Two aspects of biliary BSP excretion 
were studied. One was the concentrating power of 
the liver cell in the excreting process; the other was 
the amount of BSP excreted in the bile. The ex- 
cretion by normal livers of various doses of BSP 
was compared with the excretion by livers from rats 
intoxicated with carbon tetrachloride. 


3. Effect of Carbon Tetrachloride on PAHA 
Synthesis—To select the dose of PABA to be used 
as an index of hepatic dysfunction, a series of 
perfusions was conducted to determine the normal 
rate of conjugation of PABA to PAHA; 20, 40, 
and 80 mg. of PABA were added to the perfusate 
with equimolar amounts of glycine. The micromolar 
concentrations of PABA and PAHA in the per- 
fusate 10, 20, 40, 80, and 160 minutes later were 
expressed as fractions of the total Bratton-Marshall 
reactants present. Since the difference between 
unity and the PAHA fraction represented the 
PABA fraction present, the data are expressed 
only in terms of PAHA. It was considered pos- 
sible that PABA might be acetylated by the liver 
to some extent, and therefore not be directly 
measurable by the Bratton-Marshall reaction, but 
this was found not to be the case. Analysis of 
hydrolyzed samples by the method of Deiss and 
Cohen® showed that no appreciable acetylation oc- 
curred in our experiments. 


4. Effect of Carbon Tetrachloride on Carbo- 
hydrate Metabolism.—Glucose and lactic acid levels 
in the perfusate were used as indicators for de- 
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termining the status of carbohydrate metabolism 
in the preparation. Both were determined at various 
intervals after the perfusion began. 

5. Effect of Carbon Tetrachloride on Physiologi- 
cal Function —Two general indices of over-all liver 
function were investigated. The first was the rate 
of perfusate flow. The liver represents a variable 
resistance in the perfusion circuit; thus, variations 
in pressure are required to produce an optimum 
perfusate flow. Brauer et al.° have shown that 
there is a linear relationship between flow rate and 
pressure in the range of pressures used in this 
study. To quantitate the resistance of the individual 
livers, the observed flow was mathematically cor- 
rected to that present at a pressure of 160 mm. and 
the flow through damaged organs thus compared 
with that of normal organs. 

The second index was bile secretion. The bile was 
collected in calibrated hematocrit tubes and the 
volume measured at given time intervals. The 
secretion rates of normal livers were calculated 
and compared (microliters per gram per minute) 
with those of damaged livers. 

6. Effect of Anaerobic Metabolism on the Ex- 
traction and Excretion of BSP.—Normal livers 
were allowed to equilibrate in the perfusion ap- 
paratus under oxygen aeration for about an hour, 
after which the oxygen was replaced with nitrogen. 
Thirty minutes later BSP was added to the per- 
fusate, and the fractions retained were determined 
at intervals. 

Four other metabolic environments were em- 
ployed : 

1. Oxygen and 2,4-dinitrophenol (perfusate con- 

centration 10° M) 
. Oxygen and fluoroacetate (10° and 10° M) 
. Oxygen and potassium cyanide (10° M) 
Nitrogen and iodoacetate (10° M). 


Results 


Microscopic findings indicated that the 
chosen doses of carbon tetrachloride were 
satisfactory for our purposes. No gross 
fatty infiltration or necrosis of cells oc- 
curred, although increase in lobular mark- 
ings were sometimes observed by gross 
inspection, Lesions were minimal even at 
the dose of 480 mg. per kilogram 24 hours 
after administration. Only a few cells, im- 
mediately surrounding the central vein, 
showed slightly vacuolated cytoplasm. No 
peripheral lobular changes occurred. Intra- 
peritoneal injection was more damaging 
than subcutaneous injection of the same 
dose. 
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Chronologically, the following histologic 
pattern was observed after a single sub- 
cutaneous dose of 480 mg. per kilogram of 
carbon tetrachloride. At 1.5 hours, the sec- 
tions showed disruption of the palisadic 
alignment of the cells due to swelling, with 
cytoplasmic vacuolation in the region of the 
central vein. At 3 hours, this disruption 
was not seen, but paling of nuclei was pres- 
ent centrilobularly. At 6 hours, the vacuola- 
tion was more distinct. At 12 hours, the 
sections were essentially normal. At 24 
hours, moderate cytoplasmic vacuolation 
was again seen, and at 48 hours the sections 
again appeared normal. No further changes 
were noted after this time; morphologically 
the condition was not distinguishable from 
the pretreatment state. 

1. Effect of Carbon Tetrachloride on 
BSP Extraction —Doses of 10 and 20 mg. 
of BSP were extracted equally effectively 
from the perfusate by the normal livers 
(12 perfusions) (Fig. 1). Table 1 gives 
the results of extraction of 10 and 20 mg. 
by livers damaged by carbon tetrachloride, 
compared with extraction by the control 
livers. Dysfunction was demonstrated at 
doses of carbon tetrachloride as low as 
240 mg. per kilogram, and as early as 0.75 
hours and as late as 24 hours with the stand- 


@ REFERENCE CONCENTRATION 
© 1/0 MG. BSP ADDED 
° 20MG. BSP ADDED 
30 MG. BSP ADDED 
40MG. BSP ADDED 


PERFUSATE 
10 MIN. 40) 


L 1 1 4 
50 70 90 110 130 150 170 
TIME (MINUTES) 


Fig. 1—Rate of disappearance of BSP from the 
perfusate of normal livers, as related to the initial 
perfusate concentration. 
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TABLE 1.—Perfusate Concentration Fractions of BSP, with Reference to Time, 
During Perfusion of Livers Obtained from Animals Previously Treated with 
Carbon Tetrachloride and from Control Animals 


Control perfusions 


Rat Dose of CCl, Perfusion Conc. at 10 


Concentration Fractions, Minutes 


No. Meg/Kg. Time * Min., Mg. % 


1.5 7.0 
12 6.1 
12 8.0 
71 
6.6 
6.3 
71 
8.0 
8.5 
5.5 
6.3 


480 0.75 11.3 
480 0.75 12.5 
480 15 10.8 
480 1.5 10.5 
480 1.5 11.5 
480 3 11.8 
480 6 11.5 
480 12 11.5 
480 24 13.0 
120 24 10.0 


Mean 10.0 


(n=5) 8.D. +£0.33 


10 mg. BSP in Perfusate 


£0.08 


20 mg. BSP in Perfusate 


+0.02 


20 40 80 160 


0.79 0.53 0.19 0.03 
0.79 0.52 0.23 0.04 
0.89 0.81 § 0.75 § 0.59 § 
0.75 0.48 0.16 0.03 
0.85 0.62 § 0.27 § 0.05 
0.89 0.57 § 0.25 § 0.05 
0.90 0.68 § 0.44 § 0.17 § 
0.84 0.79 § 0.31 § 0.09 § 
0.94 0.82 § 0.59 § 0.22 § 
0.75 0.40 0.09 0.02 
0.83 0.60 § 0.38 § 0.10 § 


0.77 


0.80 0.51 0.18 0.02 

0.94 § 0.76 § 0.45 § 0.14 § 
0.85 § 0.67 § 0.34 § 0.05 § 
0.86 § 0.67 § 0.33 § 0.05 § 
0.84 0.61 0.30 § 0.09 § 
0.91 § 0.65 § 0.32 § 0.05 § 
0.87 § 0.64 § 0.34 § 0.07 § 
0.87 § 0.59 § 0.24 § 0.02 

0.90 § 0.65 § 0.34 § 0.05 § 
0.75 0.40 0.09 0.01 


0.80 0.47 0.12 0.02 


* Time lapse, in hours, between intoxication of rat in vivo and hepatectomy. 
t Intraperitoneal injection; all other rats received subcutaneous injections. 


t Received two injections 24 hours apart; livers perfused 24 hours after second injection. 


§ Differs from control mean by more than 2.6 S.D. 


ard dose of 480 mg. per kilogram. With 
an increased dose, evidence of dysfunction 
continued to 48 hours. In only occasional 
livers was dysfunction consistent through- 
out the 160 minutes of perfusion, and when- 
ever dysfunction was present it was always 
reflected at the 80-minute concentration 
fraction. Minimally damaged livers were 
less capable of handling 20 mg. of BSP 
than 10 mg., but evidence of dysfunction 
was minimal at 12 hours with either dose. 
Finally, the concentration of BSP in the 
perfusate at 10 minutes tended to be higher 
in the damaged livers than in the controls. 

When the data from the three livers per- 
fused one and one-half hours after in vivo 
intoxication were compared to the control 
values (20 mg. BSP), with use of the Stu- 
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dent ¢ test, it was found that the differences 
between the means at 40, 80, and 160 
minutes were all statistically significant 
(P<0.05). Similar treatment of the data 
from the pair of perfusions at three quar- 
ters of an hour showed no significant dif- 
ference between this group and the controls. 

2. Effect of Carbon Tetrachloride on 
BSP Excretion—The data show (Fig. 2) 
that normal livers (10 perfusions) excreted 
BSP into the bile at about the same rate 
(91% and 78% in 160 minutes) whether 
10 or 20 mg. of BSP had been added to 
the perfusate, while with 30 and 40 mg. 
(two perfusions) there was a precipitous 
drop in the percentage excreted (to 48% 
and 35%). The absolute amounts excreted, 
however, were similar with 20, 30, and 40 
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mean. For this reason all the experimental 
© 20MG. BSP ADDED data were pooled, regardless of dosage, 
route, and length of intoxication to be sum- 
marized in Table 2. 
3. Effect of Carbon Tetrachloride on 
PAHA_ Synthesis——The typical synthesis 
of PAHA by normal livers observed after 
the addition of 20, 40, and 80 mg. of PABA 
is shown in Figure 3 (three perfusions). 
The data are expressed as the PAHA frac- 
tion of total aromatic amines present. It 
was found that the livers could synthesize 
PAHA adequately from either 20 or 40 
mg. of PABA (nine perfusions). 
10 30 50 70 90 10 130180 170 The results of PAHA synthesis by livers 
es of rats previously intoxicated with carbon 
tetrachloride are summarized in Table 3. 
quantity of BSP added to the perfusate. From this data it is apparent that the degree 
of injury caused by carbon tetrachloride in 
these studies was not sufficient to markedly 
alter this conjugation system. 

4. Effect of Carbon Tetrachloride on 
Carbohydrate Metabolism—No changes 
livers exposed to carbon tetrachloride observed which indicated that metab- 
(routes and doses in Table 1) was studied, olism of carbohy drate differed between val 
it was seen that abnormally low excretion perimental animals and controls. Glucose 
rate, analogous to the abnormally high per- levels in all experiments increased when the 
fusate retentions, did not occur. In fact, liver was connected to the perfusion circuit 
only Rat No, 3 showed a cumulative per and thereafter remained relatively constant. 
cent excretion value at 160 minutes more The mean perfusate concentration at 80 
than 2.6 S.D. removed from the control minutes was 212+52 mg. % for the con- 


° 


(TOTAL DOSE OF BSP: 1.0) 
o° 9° 
u 


° 


FRACTION OF BSP EXCRETED IN BLE 


° 


mg. (15.6, 14.4, and 14.0 mg.). The cumu- 
lative percentages excreted at 80 minut s 
with 10 and 20 mg. compared very well 
with those reported by Brauer for 5 mg. 

When the biliary excretion of BSP by 


Taste 2.—Biliary Excretion of BSP by Normal Livers and Livers from Animals 
Treated with Carbon Tetrachloride, with Reference to Time, Concentration, and 
Cumulative Percentage of Dose Excreted (Means and Standard Deviations) 


Concentration and Cumulative Excretion in the Bile * 


BSP 20 Min. 40 Min. 80 Min. 
Dose, 
Group Mg. A B A B A 


Exper. 0.94 1.33 4.79 6.89 7.22 22.6 7.64 
n=10 +£0.26 +£0.50 +£2.07 +3.48 +2.90 +13.6 


Control 1.10 2.00 6.20 12.0 9.40 37.0 7.80 
n=5 0.55 +1.00 +1.60 +3.00 +3.20 +6.00 +1.20 


Exper. 1.52 1.15 7.49 6.30 11.4 21.9 11.2 
n=10 +0.88 +0.88 +1.63 +2.65 +2.26 +7.68 +1.74 


Control 1.40 2.00 8.10 8.00 14.5 30.0 12.2 
n=5 +0.56 +1.00 +1.20 +3.00 +1.80 +7.00 +3.70 


* A indicates BSP tration (Mg/M1.); B, cumulative percentage of BSP excreted. 
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10 30 SO 70 90 10 130 150 170 
TIME (MINUTES) 


Fig. 3—Rate of appearance of PAHA in the 
perfusate of normal livers, after addition of PABA 
to the perfusate, as related to the concentration 
attainable at complete conversion. 


trols and 208+64 mg. % for the intoxi- 
cated animals. 

The levels of lactic acid observed at 80 
minutes in the controls were low (9+5 
mg. ‘%) and well within the normal in vivo 
range.'* Four of the seven livers perfused 
one and one-half and three-quarters hours 
after treatment of the rat showed rather 
high levels (32-44 mg. %). 

5. Effect of Carbon Tetrachloride on 
Physiological Function of the Liver—In a 
group of nine normal livers, the mean per- 
fusate flow was calculated to be 3.2+0.71 
ml. per gram per minute. On the basis of 
this datum, a flow of 1.6 ml. per gram per 
minute was considered to be significantly 
low and indicative of increased organ re- 
sistance. It was found that only 2 of 21 
damaged livers fell below this rate. None 
had a notably high flow rate. 

The bile secretion rate of 13 normal 
livers, in microliters per gram per minute, 


TaBLe 3.—Perfusate Concentration Fractions of PAHA, with Reference to Time, 


During Perfusions of Livers Obtained from Normal Animals and 
Animals Treated with Carbon Tetrachloride 


Concentration of PAHA/Total Aromatic Amines 


PABA 


Mg. 


Control perfusions 
(n=4) 


10 Min. 20 Min. 40 Min. 80 Min. 160 Min. 


1.01 
0.88 
1.06 
1.05 
1.00 
0.93 
0.53 
0.98 


0.88 


+0.13 +£0.13 


+0.04 +0.13 


* Value more than 2.6 8.D. from control mean. 
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= —— ~ — 4 
2 0.11 0.27 0.62 1.06 
3 0.07 0.19 0.51 0.92 
4 0.17 0.39 0.63 1.00 
oF 5 20 0.14 0.36 0.69 1.10 ou 
; 6 0.14 0.31 0.46 0.88 ie 
7 0.09 0.24 0.55 1.05 
21 0.17 0.47 0.68 
d 
dea Control perfusions 0.09 0.25 0.51 = 0.99 bi 
(n=5) $0.04 +010 +0.11 
1 0.03 0.16 0.93 1.02 
8 0.10 0.21 0.47 0.91 0.97 
q 10 0.08 0.21 0.48 0.93 1.15 2 
11 0.06 0.17 0.40" 0.99 = 
12 0.07 0.17 0.44 * 1.21 1.17 
13 40 0.08 0.17 042* 131 
14 0.06 0.29 0.37 * 0.94 
15 0.07 0.18 0.55 0.98 1.02 
“a 16 0.09 0.28 0.60 1.17 1.19 ee 
17 0.08 0.23 0.52 1.12 1.18 
18 0.04 0.17 043° 0.95 1.03 
19 0.10 0.26 0.57 1.06 1.01 
Bi 20 0.06 0.16 0.45 * 1.02 1.08 = 
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TABLE 4.—Perfusate Concentration Fraction of BSP, with Reference to Time, of 
Normal Livers Perfused Under Nitrogen (Means and Standard Deviations) 


BSP Conc. at 
Dose, 10 Min., 


Perfusate Concentration Fraction 


Group Mg. Mg. % 


Exper. 6.3 
n=6 +0.78 


Control 6.2 
n=7 


Exper. 10.7 
n=2 


Control 10.0 
n=5 £0.33 


0.86 0.66 * 
+£0.03 


0.86 0.63 0.33 
+0.02 


20 Min. 40 Min. 80 Min. 160 Min. 


0.43 * 
+£0.11 


0.20 


+£0.06 +£0.08 


0.77 0.41 0.12 0.03 
+0.08 


+£0.06 +0.05 +£0.01 


0.11 


0.04 +£0.01 


0.80 0.47 0.02 
+0.02 


+0.06 +£0.01 


* Significantly higher than control values (P<0.001). 
t Significantly higher than control values (P<0.05). 


was calculated to be 0.85+0.18 at 80 min- 
utes. The experimental group did not differ 
significantly in secretion rate. 

6. Effect of Anaerobic Metabolism on 
the Extraction and Excretion of BSP.— 
Perfusate BSP fractions under nitrogen 
(eight perfusions) are summarized in 
Table 4 and Figure 4. At 40, 80, and 160 
minutes, retention in the perfusate was sig- 
nificantly greater than with the aerobic 
controls, with use of 10 mg. BSP. 

When dinitrophenol was used (two per- 
fusions) in an effort to dissociate the two 
effects of nitrogen, removal of oxygen and 
shutdown of ATP formation through the 
cytochrome system, the most striking re- 
sponse was obtained when dinitrophenol 
was added 15 minutes before the 10 mg. of 
BSP. The perfusate BSP fractions were 
0.87 at 20 minutes, 0.65 at 40 minutes, 
0.37 at 80 minutes, and 0.08 at 160 minutes 
(Fig. 4). When the dinitrophenol was 
added 40 minutes after the BSP, in the 
same concentration of 10-* M, the BSP 
fraction was 0.22 at 80 minutes and 0.07 
at 160 minutes. When the results at 80 
and 160 minutes were pooled and compared 
with the oxygen controls, the differences 
between the means were statistically signifi- 
cant (P<0.01). The dinitrophenol means 
were not significantly different from the 
nitrogen perfusion means at the same time 
periods. The biliary BSP cumulative ex- 
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cretion values of 1%, 8%, 27%, and 73% 
at 10, 40, 80, and 160 minutes, respectively, 
showed a marked lag at 40 and 80 minutes 
but normal excretion by 160 minutes. Bil- 
iary BSP concentrations of 9.1 mg. per 
milliliter indicated normal concentration of 
BSP by the hepatic cells. 

Sodium fluoroacetate in a perfusate con- 
centration of 10—* M (one perfusion) added 
20 minutes before the 10 mg. of BSP 
caused no abnormal change in BSP concen- 
tration fractions. However, the concentra- 
tion of 10-? M (one perfusion) produced 
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@ REFERENCE CONCENTRATION 
©@ UNDER OXYGEN 

(MEAN & STANDARD DEVIATION) 
4 UNDER NITROGEN 
UNDER NITROGEN //OBOACETATE 
® UNDER OXYGEN + DIN/TROPHENOL 
© UNDER OXYGEN + FLUOROACETATE 


© 


FRACTION OF BSP IN PERFUSATE 
° 


(CONCENTRATION AT 1/0 MIN. +10) 
° 
ao 


1 


iL i J 

90 130 150 170 
TIME (MINUTES) 

Fig. 4.—Effect of various metabolic inhibitors 
and nitrogen-induced hypoxia on the rate of disap- 
pearance of BSP from the perfusate of normal 
livers, as related to the initial perfusate concentra- 
tion. 
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markedly abnormal concentration frac- 
tions: 0.78 at 20 minutes, 0.57 at 40 min- 
utes, and 0.29 at 80 minutes (Fig. 4). 
Biliary excretion was low throughout (1%, 
3%, 13%, 35%, and 65%). 

When 10-* M potassium cyanide was 
added to the perfusate (one perfusion), 15 
minutes before 10 mg. of BSP, markedly 
abnormal perfusate concentration fractions 
were observed: 1.0, 1.0, and 0.91, at 20, 
40, and 80 minutes, respectively. 

When 10-* M iodoacetate was added to 
the perfusate (two perfusions) 40 minutes 
after 10 mg. of BSP under nitrogen, the 
perfusate concentration plateaued (Fig. 4), 
suggesting that BSP extraction in this 
instance was dependent on substrate phos- 
phorylation. The mean concentration frac- 
tion at 160 minutes was 0.450.036. When 
this mean was compared to the nitrogen 
mean at 160 minutes, the difference was 
found to be statistically significant 
(P<0.05). 


Comment 


Cameron and Karunaratne ! have previ- 
ously demonstrated that 300 to 700 mg. per 
kilogram of carbon tetrachloride consistent- 
ly produced minimal and reversible lesions 
in the rat. The dosage employed in our 
study similarly produced minimal cellular 
changes on histologic study. This is in 
contrast to the doses that have been em- 
ployed in other in vitro techniques that have 
been employed in hepatotoxic studies.?* 

The pattern of abnormal retention of 
BSP by the livers from intoxicated animals 
was well paralleled by the histologic find- 
ings through the 12-hour postinjection 
period. At 24 hours, however, definite re- 
tention also followed the 10 mg. dose of 
BSP in livers which were approximately 
normal in microscopic appearance. These 
data suggest that hepatic dysfunction is 
demonstrable by the perfusion technique 
at a time when microscopic alterations are 
minimal. The remarkable sensitivity of 
BSP clearance as a test of the function 
of the perfused liver is indicated by the 
fact that damage was detectable 24 hours 
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after a dose of 240 mg. per kilogram of 
carbon tetrachloride. 

The reproducibility of the disappearance 
of BSP in normal livers was very striking. 
Abnormal BSP retention in the perfusate 
was not observed in any of 12 untreated 
livers, and normal clearance was observed 
even in 5 livers treated with carbon tetra- 
chloride, where abnormality might be ex- 
pected. These observations are contrary to 
those reported by Brauer et al.® 

It appears that 10 and 20 mg. of BSP 
are extracted from the perfusate by a nor- 
mal liver in a manner obeying first-order 
kinetics. When the logarithm of the frac- 
tion is plotted against time, the experimen- 
tal points describe a_ straight line—a 
condition required for an exponential dis- 
appearance curve. The velocity constants 
were calculated to be 0.0298 minutes? 
for extraction of 10 mg. and 0.0278 min- 
utes! for 20 mg. From these constants, 
the period of half-life was calculated to be 
23.2 minutes for 10 mg. and 24.8 minutes 
for 20 mg. These values are in reasonable 
agreement with the half-life of 17 minutes 
for 3 mg. reported by Brauer et al.® 

Since there is apparently a limit to the 
rate at which BSP can be eliminated by 
normal livers (Fig. 2), one might postulate 
that the abnormalities observed in livers 
damaged by carbon tetrachloride could re- 
sult from failure of, or decrease in, biliary 
BSP excretion. Our data, although pre- 
liminary in nature, do not appear to support 
such a hypothesis. From Table 2, one sees 
that, in general, the livers showing an ab- 
normal retention of BSP in the perfusate 
concentrated and excreted the dye in an 
apparently normal manner. The data also 
showed. that the volume of bile excreted by 
these livers was generally normal. 

Consequently, since over-all biliary BSP 
excretion in these damaged livers appeared 
normal, one is left with an alternative 
explanation for the abnormal amounts re- 
maining in the perfusate: decreased ex- 
traction of the BSP from the perfusate. 
Extraction is probably at least a two-factor 
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phase, involving first absorption and then 
sequestration by the cells, and the data 
presently available do not permit elabora- 
tion on this process. 

The results of eight perfusions of normal 
livers performed under nitrogen demon- 
strated statistically significant abnormal 
BSP clearance, in sharp contrast to the 
findings of Brauer and Pessotti..® How- 
ever, these investigators used slices and 
livers perfused in situ with an erythro- 
cyte-free perfusate. Their experimental 
conditions were dissimilar to ours. Our 
experience has been that the BSP clearance 
observed in perfusions employing erythro- 
cyte-free perfusate is comparable to blood 
perfusions under nitrogen. In view of this, 
it seems very probable that the “aerobic” 
preparations of these workers were func- 
tionally anaerobic. They were also unable 
to show a difference in BSP extraction by 
normal livers and by livers from animals 
treated with carbon tetrachloride (800 mg. 
per kilogram intraperitoneally for two days) 
under their experimental conditions. In the 
present study, abnormal function was de- 
monstrable at doses well below this. 

The results obtained with dinitrophenol, 
fluoroacetate, and cyanide suggest that nor- 
mally some aspect of BSP extraction is 
dependent upon energy derived from aerobic 
metabolism. 


Summary 


The applicability of the isolated, perfused 
rat liver to the study of hepatotoxicity has 
been demonstrated. Using bromsulphalein 
(BSP) extraction, it was possible to detect 
dysfunction one and one-half hours after 
the administration of carbon tetrachloride 


in vivo, Peak dysfunction occurred at a 
time when microscopic alterations were 
minimal. 

From the available data, the lag in clear- 
ance by damaged livers appears to be in 
the initial extraction of the dye from the 
perfusate rather than in the excretion into 
the bile. 

The rate of synthesis of p-aminohippuric 
acid (PAHA) from p-aminobenzoic acid 
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(PABA) did not consistently parallel his- 
tologic evidence of hepatic derangement. 
PAHA synthesis was found to be a less 
sensitive means of detecting the minimal 
liver damage produced in this study. 

Alteration of the metabolic environment 
by nitrogen, dinitrophenol, fluoroacetate, 
cyanide, and iodoacetate seemed to indicate 
that normal clearance of BSP is dependent, 
directly or indirectly, upon a source of 
cellular energy. 

Histopathologic examinations were made by G. S. 
Loquvam, M.D., Department of Pathology, Uni- 
versity of California School of Medicine, San 
Francisco. Dr. John W. Kemp and Mr. Antone J. 
Valerga assisted during the course of this in- 
vestigation. Dr. Ralph W. Brauer, U.S. Naval 
Radiological Defense Laboratory, San Francisco, 
assisted in overcoming some of the technical diffi- 
culties encountered in the preparatory stages of 
this investigation. 

Department of Pharmacology, Tulane University 
School of Medicine, New Orleans. 
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On Horizontal Flat-Plate Sampling of Solid Particles 


in the Atmosphere 


K. D. HAGE, Ph.D.; C. H. H. DIEHL, and M. G. DUDLEY, Ralston, Alta., Canada 


Introduction 


In experimental studies of the turbulent 
dispersion of particulates from elevated 
sources in the atmosphere, the recovery, 
which may be defined as the ratio of the 
total amount of material accounted for by 
the sampling network to the total amount of 
material emitted, plays an important role as 
an indicator of the reliability and accuracy 
Both horizontal 
and vertical sampling grids are required to 


of the sampling system. 


measure all of the components of transport 
when gaseous material or small particles are 
disseminated. when relatively 
large particles are used, the transport com- 
ponents may be measured adequately in 
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However, 


SAMPLING POSITIONS AT 
OF ARCS AND ADIAL LINES 


principle by a horizontal grid near the 
ground level. 


In some applications of this work there is 
a need for simple, economical, and reliable 
sampling devices which can be used to 
measure deposit densities of solid or liquid 
particles at the earth’s surface. One of the 
simplest devices which has been employed 
for this purpose is the horizontal flat plate. 
In the present study, glass microspheres 
coated with fluorescent dye were emitted 
continuously from an elevated point source. 
Samples were obtained on clear acetate 
adhesive papers mounted horizontally on the 
ground in all cases and at an elevation of 
3 ft. in one case. 


Ground-level or near ground-level meas- 
urements of deposit densities are beset with 
difficulties. The three principal sources of 
error in the absolute values of deposit 
densities may be classified as sampling 
errors, assessment errors, and parameter 
errors. The present report is concerned pri- 
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Fig. 1—Field sample 
network. 
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Fig. 2.—Meteorological tower, emission tower, and terrain. 


marily with sampling errors due to the in- 
teraction of the wind and the sampling 


surfaces or their mounts. The results are 
based on relative deposit densities, although 
recovery estimates for the experiments with 
large spheres suggested that the observations 
were not seriously different from the ex- 
pected absolute values. A quantitative study 
of other possible sources of error is in 
progress. 


Experiments 


In four of the five experiments to be described 
in this paper, glass microspheres of mass median 
diameter 1084 (S.D.=6.54) were emitted con- 
tinuously from a point source at 15 m. for periods 
ranging from 13.5 minutes to 60 minutes. In the 
final trial, microspheres of mass median diameter 
21 were emitted from a height of 7.5 m. for a 
period of 20 minutes. Nine sampling arcs at dis- 
tances ranging from 18 m. to 800 m. from the 
source with samples placed at intervals of 3.6 
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degrees were used in the field studies. The sam- 
pling layout is illustrated in Figure 1. The emission 
tower, meteorological tower, and character of the 
terrain in summer are shown in Figure 2. Indi- 
vidual trial parameters and meteorological con- 
ditions are described in Tables 1 and 2. 

Glass microspheres (3M Superbrite) manufac- 
tured by the Minnesota Mining and Manufacturing 
Company were used in the experiments. Samples 
are shown in Figure 3. Approximately 85% to 
90% of the beads were closely spherical in shape. 
The remainder were most frequently pear-shaped 
or elongated along one axis. Minor irregularities, 
thought to be remnants of vapor eruptions, were 
present on some of the spheres (Fig. 3C). Satel- 
lites, such as the example shown in Figure 3B, 
represented approximately 20% or more of the 
total bead population in numbers but less than 
1% in mass. Because of their smal! size the satel- 
lite spheres were transported beyond the sampling 
layout or became attached to the large spheres. 


The spheres were dyed with Daylight Fluorescent 
Pigment (Saturn Yellow Al7 or Fluorofast Red 
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TABLE 1.—Emission Parameters 


Date Duration, Min. 
Feb. 24, 1958 60.0 
Jan. 8, 1959 13.5 
Jan. 9, 1959 60.0 
Jan. 9, 1959 42.0 
Aug. 14, 1958 20.0 


Mass Median 
Diameter, u Emission Ht, M. Emission Amt, Gm. 
15.0 672.7 
15.0 104.0 
15.0 427.5 
15.0 497.0 
7.5 71.5 


D43).* The problems of fluorescent coating have 
Identification and assessment was carried out under 
ultraviolet light in the laboratory. Prior to emis- 
sion, the particles were sieved to remove loose dye 
particles. 

Clear acetate adhesive papers t were used for 
sampling. The papers were attached by masking 
tape at the corners to sheet metal plates, as shown 
in Figure 4. Cover papers over the adhesive papers 
were removed just prior to emission time. 

In early experiments, sampling mounts at an 
elevation of 3 ft. were used to avoid shielding 
effects by small scale surface irregularities and 
vegetation. At this elevation wind speeds during 


* Manufactured by Switzer Bros., Cleveland. 
been Diehl and Harvey (1958). 

+ Manufactured by Simon Adhesive Products 
Corp., New York. 


discussed by 


Fig. 3—Projection mi- 
croscope photographs of 
glass microspheres: (a) 
1084 sphere coated with 
fluorescent dye; (b) 2lp 
sphere uncoated, with sat- 
ellite;  (c) sphere 
coated with fluorescent 
dye. 
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the trials were not excessive, and it was felt that 
aerodynamic effects would not be serious. The 
results did not support this conclusion. 

Subsequently in all trials, including those which 
are discussed in this report, sampling papers on 
metal plates were placed horizontally on cardboard 
jump cards 17.5 in. by 18 in. at ground level. For 
purposes of comparison, in one case sampling 
cards were distributed both at ground level and 
at 3 ft. above ground. The elevated mount is 
shown in Figure 4. 


Results 


Relatively heavy deposits were obtained in 
Trials 1 to 5, which have been listed in 
Tables 1 and 2. For this reason, data from 
these experiments have been analyzed for 


Vol. 21, Feb., 1960 


Trial 
| 
1 
2 
3 
4 
5 
~ 
op 
: 
(a) 
, 
(c) 
- 


SAMPLING OF SOLID PARTICLES 


TABLE 2.—Meteorological Conditions 


Mean 
Mean Wind, 
Wind, 1M,, Temp. 
0-15 M., M/s. Grad. 
Trial M/S. 414M.,C _ Surface Conditions 
1 4.57 2.83 +0.56 Continuous snow cov- 
er, 1-3 in. 
Isolated grass blades, 
4-8 in. 
2 5.16 3.05 +0.22 Trace snow 
Grass, 4-5 in. 
3 5.53 3.48 +0.13 Trace snow 
Grass, 4-5 in. 
4 4.93 3.05 +0.43 Trace snow 
Grass, 4-5 in. 
5 2.82 2.18 —1.17 Dry grass, 3-6 in. 


Isolated blades to 10 
in. 


deposit variations on the sampling surfaces 
in the direction of the mean wind and normal 
to the wind. The adhesive papers were re- 
moved from the metal mounts and placed on 
grids, as shown in Figure 5, for assessment 
purposes. Counts were recorded according 
to the location on the grid. Corrections were 
applied to the edge rows and columns to ac- 
count for the area covered by masking tape 
at the corners. In addition, when averages 


in the direction of the wind were computed, 
the central rows were converted to 1 in. 
width by doubling the observed totals. Row 
and column totals were then averaged for 
each trial. The results are shown in Figures 
6 to 9. In the Figures all averages are 
represented as percentages of the total de- 
posit per unit length along or across the 
sampling surface. Uniform deposits appear 
as horizontal straight lines on these graphs. 

One important influence of the wind on 
relative deposit densities is clearly shown 
in Figure 6 for the elevated samples. Ex- 
cept for a decrease at the extreme down- 
wind end of the sample, the deposit increases 
very regularly with distance in the direction 
of the wind. A similar but much less marked 
effect is evident in the averages for ground- 
level samples in Figure 6. It should be noted 
that these samples were obtained over a com- 
plete snow cover. Furthermore, in each in- 
stance the leading edge of the adhesive 
surface was 1 to 2 in. downwind from, the 
leading edge of the metal plate, as shown 
in Figure 4. Consequently, local disturbing 
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Fig. 4.—Three-foot post 
sample mount. 
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MEAN 


ve"x i" 


Fig. 5—Sampling sur- 


face assessment grid. 


x 


effects due to the blunt forward edge of the 
plate are not apparent. 

Results obtained from ground-level sam- 
ples over prairie grass with little or no snow 
cover are shown in Figures 7 and 8. Syste- 
matic deposit variations along the sampling 
surfaces were very small in these cases, al- 


3 FOOT SAMPLES 
MEAN WIND 


1 


though there is a suggestion of a slight in- 
crease in deposit in the direction of the wind. 

The regular decrease in amplitude of the 
deposit variations from Trials 2 to 3 and 
from 3 to 4 suggested that these variations 
were, in fact, random and that an increase 
in density or numbers served to decrease the 
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Fig. 6—Trial 1. De- 
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bases of vertical arrows. 
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Fig. 7.—Trials 2-4. De- 


posit variations along 
sampling surfaces in the 
direction of the wind. 
Ordinate origins are at 
bases of vertical arrows. 
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magnitude of the variations in the averages. 
Since, however, this result could also be due 
to other differences between trials, a check 
was made by selecting equal numbers of 
samples from each trial in such a way that 
approximately equal total sphere counts per 
trial were obtained. These averages are 
shown on an expanded vertical scale in the 
lower part of Figure 8. The standard devia- 
tion of the fluctuations about the line repre- 
senting a uniform deposit is the same for 
both heavy and light deposit densities. How- 
ever, the upper curve for heavy samples is 
relatively smooth and suggests that the indi- 
cated systematic departures are real. 

The sample network was divided into two 
parts, representing samples nearest the 
source and those most distant from the 
source. Averages for the two groups are 
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2 


(INCHES) 


included for each trial in Figures 6 to 8. No 
consistent real difference between the two 
groups could be established. 

Relative mean deposits normal to the pre- 
vailing wind direction are shown in Figure 
9. A systematic variation across the sarn- 
pling surface is obvious only for the 
elevated samples of Trial 1. 

A second important effect of the wind is 
evident in the recovery values for the five 
experiments. The term recovery, as used in 
this report, is defined as the ratio, in per 
cent, of the mass accounted for by the field 
samples to the total mass which was emitted. 
An estimate of the mass accounted for by 
the samples was made by measuring the 
area under the curve representing crosswind- 
integrated deposit as a function of distance 
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faces in the direction of 
the wind. Ordinate origins 
are at bases of vertical 
arrows. 
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N n from the source. The crosswind-integrated 


28 34,268 deposits were obtained from the formula 
D(#)=?7 
where 
D(x)=crosswind-integrated deposit at distance 
x from the source (gm.m.*) 
number of particles on the i** sample of 
distance x 
=spacing between samples 
THAL SAMPLES Z =area of the sample surface 
TRIAL SAMPLES 
TRIAL =mass of a unit particle 
TRIAL The results are summarized in the follow- 
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Fig. 9.—Deposit variations along sampling sur- 
faces normal to the wind. Ordinate origins are at 
bases of vertical arrows. 
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For particles of the size used in Trial 1, 
comparable recoveries would be expected 
from both the 3-ft. samples and the ground- 
level samples. In fact, however, the recovery 
at the 3-ft. level was only about one-third of 
the estimated recovery at the ground. 

The surface recoveries for Trials 1, 3, and 
4 are high and consistent and suggest that 
sampling and assessment errors are either 
small or effectively compensate one another. 
A firm conclusion on this point awaits the 
results of further study of individual errors. 
The low recovery in Trial 2 is attributed 
tentatively to the short sampling period. The 
existence of important atmospheric eddies 
with periods of the order of a few minutes 
over the local terrain was suggested by the 
work of Watson (1957). In the presence 
of such eddies, a representative time-aver- 
aged deposit would be achieved only with 
sampling times longer than the 13.5 minutes 
used in Trial 2. The recovery in Trial 5 is 
meaningless as an indicator of sampling ac- 
curacy, since, in this case, small spheres 
were emitted and a large fraction of these 
were transported and dispersed beyond the 
800 m. limit of the sample network. 


Conclusions 


Horizontal flat-plate sampling surfaces 
reveal appreciable systematic departures 
from the expected deposit patterns when 
they are exposed to the wind. The most 
significant effects are the following: 

(a) The deposit increases very regularly 
along the sampling surface in the direction 
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of the wind. The magnitudes of the de- 
partures from a uniform deposit appear to 
increase rapidly with wind speed. 

(b) The deposit increases from the out- 
side edge areas to the central area of the 
sampling surface in the direction normal to 
the wind. 

(c) The over-all average deposit is seri- 
ously below the expected average in the 
presence of wind speeds of 2.0 to 3.0 m. 
per second. 


The difficulties may be avoided substanti- 
ally by placing the sampling surfaces just 
below the general level of the environment 
with suitable precautions to avoid shielding. 

The observed systematic deposit varia- 
tions on the sampling surfaces probably 
reflect some of the principal features of the 
air flow immediately above the surface, since 
rebound effects are negligible on adhesive 
paper with deposit densities of the magni- 
tudes observed in these experiments. 

This work was initiated by Mr. H. H. Watson. 
Mr. K. F. Styles supplied the meteorological data. 
Miss D. Wetterberg assisted with the analyses. 


Material in this paper is published by permission 
of the Defence Research Board of Canada. 
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Arsenic Toxicology and Biochemistry 


B. L. VALLEE, M.D.; D. D. ULMER, M.D., and W. E. C. WACKER, M.D., Boston 


Introduction 


Arsenic is ubiquitously distributed in na- 
ture. Soils may vary in content from frac- 
tions of a part per million (ppm) to as 
much as 40 ppm. Low concentrations are 
present in volcanic gas, in spring and sea 
water, and in all animal tissues and fluids.1? 
In the native state arsenic usually exists 
as a sulfide ore—orpiment (As2S3), realgar 
(AseSe), or arsenopyrite (FeAsS), the 
latter being the commonest. Arsenic sulfides 
almost invariably occur wherever metal sul- 
fides are found, and small amounts regularly 
appear in conjunction with silver, lead, 
copper, nickel, antimony, and cobalt as well 
as iron. 


Commercial Uses 


In 1955, the world production of white 
arsenic (arsenic trioxide, AseO3) was 
37,000 short tons. Of this quantity, 10,800 
tons were produced in the United States, 
while domestic consumption exceeded 18,000 
tons *—most of it in the form of pesticides, 
such as lead arsenate, calcium arsenate, and 
copper acetoarsenite, or “Paris green,” and 
in wood preservatives, such as Wolman 
salts, which contain 25% sodium arsenate. 
Smaller amounts were employed in the 
manufacture of pharmaceuticals, glass, cattle 
and sheep dips, hide preservatives, poisoned 
bait, weed killers, and grasshopper bait. 
Arsenicals have also been used in the manu- 
facture of dyestuffs and chemical warfare 
gases, and in the thylox purification of in- 
dustrial gases. Elementary arsenic is uti- 
lized in the production of various alloys; a 
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small amount added to lead in the manu- 
facture of shot produces rounder and more 
perfect spheres. The element increases the 
resistance of copper to corrosion, increases 
its machinability, and raises the annealing 
temperature. Arsenicals are used as debark- 
ing agents in the paper industry, and 
arsanilic acid in small amounts (25 to 45 
ppm) is added to swine and poultry feeds 
to promote growth.* 

Domestic white arsenic is not mined as 
such, but is produced principally as a by- 
product of smelting complex copper and 
lead ores, and the quantity produced is, 
therefore, directly related to the output of 
these metals. Arsenic is given off as dust 
with the flue gases, and is trapped by filters 
or electrostatic precipitation for further 
processing. The safety precautions indicated 
for handling white arsenic during such 
processes have been reviewed.® 


Medicinal Uses 


The medicinal virtues of arsenic have 
been acclaimed for nearly 2,500 years. Hip- 
pocrates (460 to 377 B.C.) is said to have 
used arsenic sulfide (As2Se) as a remedy 
for “ulcers” and similar disorders, and 
familiarity with arsenicals is attributed to 
Aristotle, Pedanios Dioscorides, and. Pliny 
the Elder.*7 White arsenic became a popular 
homicidal agent some centuries ago, and 
some classicists of the art retain its use to- 
day. Subsequent to Ehrlich’s demonstration 
of the chemotherapeutic action of arsenicals 
against trypanosomes in 1905, the pharma- 
cology of these compounds had been ex- 
tended from 606 to more than 8,000 
compounds in 1937; in fact, they constituted 
two-thirds of all metal carbon compounds 
known at this time.’ In addition to their 
historic role in the treatment of syphilis, 
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arsenicals have also long been used as 
stimulants and tonics in other states of 
physiological imbalance. They have been 
considered at various times to be specific 
remedies in the treatment of anorexia, other 
nutritional disturbances, neuralgia, rheuma- 
tism, arthritis, asthma, chorea, malaria, 
tuberculosis, diabetes, skin diseases, and in 
the gauntlet of hematologic abnormalities.® 
In most of these disorders the administra- 
tion of arsenic has fallen into disrepute or 
has been replaced by specific therapy. 
Organic arsenicals are still used, however, in 
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the treatment of sleeping sickness due to 
Trypanosoma rhodiesiense and Trypano- 
soma gambiense,™ in and in 
veterinary medicine for the treatment of 
dogs infested with heart worms (canine 
filariasis ) 4415 

Common medicinal preparations which 
contain arsenic include Fowler’s solution 
(potassium arsenite), Donovan’s solution 
(arsenic and mercuric iodides), asiatic pills 
(arsenic trioxide and black pepper), de 
Valagin’s solution (liquor arsenii chloridi), 
and sodium cacodylate. Arsphenamine 
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(Salvarsan), neoarsphenamine, oxophenar- 
sine hydrochloride (Mapharsen), arsthinol 
(Balarsen), acetarsone, tryparsamide, and 
carbarsone are some of the organic arseni- 
cals commonly employed medicine. 
Structural formulae of some common 
arsenicals of particular biologic interest are 
shown in the Figure. 


Chemical Properties 


Arsenic occupies a position midway be- 
tween germanium and selenium in atomic 
mass and, as a member of Group V of the 
periodic table, its physiochemical properties 
are closely related to those of phosphorus. 
Arsenates strongly resemble the correspond- 
ing phosphates in solubility and crystal 
form, many phosphate-arsenate pairs being 
isomorphous. Arsenic also forms trihalides 
analogous to those of phosphorus, and the 
arsenate ion reacts with ammonium molyb- 
date in nitric acid solution as does the phos- 
phate ion.’® Generally, arsenates are much 
more labile than corresponding phosphates, 
a fact important in the chemical and biologic 
reactions in which both elements may par- 
ticipate. 

From the standpoint of biology and toxi- 
cology the important compounds of arsenic 
fall into three major groups: 

(a) Inorganic arsenicals: white arsenic (As2Os), 
the arsenate salts, and the arsenite salts. 

(b) Organic arsenicals: These compounds dif- 
fer as to their valence states. The trivalent 
(tervalent, arsenoso) arsenicals have the greatest 
physiologic significance, and may be mono, di, or 
trisubstituted. Biologic action is a function of the 
structure of the molecule. 

(c) Gaseous arsenic: 
arsenite). 


arsine (AsHs, hydrogen 


Methods of Analysis 


Simple, sensitive, qualitative screening 
procedures, as well as more complex quanti- 
tative analyses for the measurement of 
traces of arsenic in biologic materials, are 
available. Many of the classical procedures 
are dependent upon treatment of the sample 
with acid in the presence of another metal— 
nascent hydrogen being evolved as arsine 
if arsenic is present. Arsine or its decom- 
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position products may be deposited on cold 
porcelain or glass (Marsh’s test) or allowed 
to react with mercuric bromide or silver 
nitrate-soaked filter paper (Gutzeit method). 
Modification of the latter procedure will 
allow quantitative detection of less than 1 
ppm.!718.19 Arsine may also be collected 
and determined iodometrically *° or colori- 
metrically with molybdenum blue.?"*? With 
small samples care must be taken not to 
volatilize the metal during the ashing pro- 
cedure; special apparatus has been devised 
to avoid this hazard.2* Pentavalent arsenic 
may be distilled from acid solution in a 
form suitable for immediate color develop- 
ment with ammonium molybdate and hy- 
drazine sulfate.2* This method has given 
excellent results on biologic materials with 
less than 5% error when 5yg. to 50yg. of 
material was to be recovered. Special tech- 
niques for ultramicroquantities and very 
labile forms of arsenic have been de- 
scribed.**** More recently the use of ac- 
tivation analysis has been applied to the 
detection of arsenic, making possible the 
accurate quantitative determination of 
the element in samples as small as a single 
human hair.*? 

Possible sources of error in the usual 
microprocedures have been reviewed: in 
addition to losses due to volatility during 
ashing, air- and dust-borne contaminants 
may interfere with accuracy in some geo- 
graphic locations.?§ 


Pharmacology and Biochemistry 


In his early experiments Ehrlich ob- 
served the toxic action of arsenic on 
trypanosomes and postulated this effect to 
be a consequence of a fatal chemical union 
between the metal and protoplasmic “side- 
chains” of the cell.2® In a modified form, 
this hypothesis was subjected to experi- 
mental verification by workers in the U.S. 
Public Health Service in a series of studies 
beginning in 1920. The evidence indicated 
that organic arsenicals in a large measure 
are toxic only in the trivalent state—re- 
duction of pentavalent compounds and 
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partial oxidation of the arsenobenzene 
group are required for equivalent in vitro 
and in vivo effectiveness. Oxophenarsine 
hydrochloride, for instance, rapidly reduces 
the trypanosomes in rat blood in 30 minutes, 
while arsphenamine requires about 5 hours 
for equivalent effect. If the latter drug is 
oxidized by shaking in air, conversion to 
the arsenoxide form produces the typical 
rapid action on the parasite. It was known 
that arsenic could chemically combine with 
sulfhydryl groups, and it was soon demon- 
strated that trivalent arsenical toxicity can 
be reversed by reduced thiol compounds, 
e.g., glutathione and cysteine; from these 
observations it was deduced that a reversible 
in vivo arsenical-thiol mercaptide formation 
can explain the toxicity of the metal. Some- 
what later the combination of arsenicals 
with tissue proteins and enzymes was ac- 
tually shown to be accompanied by a loss 
of titratible sulfhydryl groups.°°*> Recently 
it has even been shown that there may be 
a direct correlation between the number 
of sulfhydryl groups intrinsic to a micro- 
organism and its sensitivity to arsenicals.*® 
Historically, these experiments mark the 
first instance in which the action of a selec- 
tively toxic agent could be interpreted in 
chemical terms.** 


During the World War II further details 
concerning the interrelationship of arsenic 
and thiol groups were discovered. Certain 
of these studies were inspired by the po- 
tential danger from the use of lewisite, 
CI—CH=CH—As—Chlp, as a war gas. By 
this time a large number of important 
enzyme systems sensitive to arsenic had 
been described.5**° It became apparent that, 
while an excess of a simple thiol protects 
a variety of biological systems against the 
toxic inhibition of both organic and inor- 
ganic arsenicals, this protection is not uni- 
form. In particular, a 200% monothiol 
excess fails to protect the cerebral pyruvate 
oxidase system from lewisite, although lactic 
dehydrogenase, a-glycero-phosphate dehy- 
drogenase, and cytochrome oxidase are 
protected completely by smaller concentra- 
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tions. Intensive investigation of this prob- 
lem culminated with the demonstration that 
lewisite reacts with some proteins in such 
a way as to bind two thiol groups, forming 
a stable ring * which is not freely reversible 
with monothiols.4! The protective action of 
various dithiol compounds was therefore 
studied; one compound, dimercaprol (2,3- 
dimercaptopropanol; British-Anti-Lewisite, 
3AL), proved an effective in vitro and in 
vivo antidote.4? The specificity of dimer- 
caprol for protection of the pyruvate 
oxidase system of brain in which mono- 
thiols had proven ineffective led Peters and 
his co-workers to suggest that a cyclic 
dithiol is a cofactor for these reactions.** 
Several years later the prediction was borne 
out by the finding of the dithiol cofactor, 
lipoic acid, in a bacterial system.** It has 
been proposed that the six-membered 
lipoate-arsenic ring is less stable than the 
five-membered dimercaprol-arsenic ring to 
explain the protection afforded by dimer- 
caprol.*® 

In addition to inhibitory mercaptide for- 
mation with vital tissue thiol groups, arsenic 
may interact with biologic systems by other 
mechanisms. It is not known if any of these 
interactions occur in vivo, but they have 
proven useful in certain studies of inter- 
mediary metabolism and in the field of 
enzymology. 

Synthesis of arsenocholine (CHs)3;—As 
—CH2—CH2—OH, in which the choline 
nitrogen is replaced by arsenic, allows the 
molecule to be traced to its incorporation 
into lecithin in rats. The synthetic com- 
pound exhibits lipotropic and antihemor- 
rhagic properties analagous to those of 
choline. Since the methyl groups in arseno- 
choline are nonlabile, those physiologic 
properties of choline are not dependent upon 
its function as a methyl donor. 

The phosphate requirement of the phos- 
phogiyceraldehyde dehydrogenase system 
can be satisfied by arsenate.47 Arsenate or 
arsenite may substitute for or compete with 
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phosphate in many other enzymatic reac- 
tions.*8** It has been proposed that many 
of the effects of arsenic anions are due to 
an instantaneous hydrolysis of the resultant 
arsenical esters, in contrast to the relative 
stability of their phosphorus counterparts. 
The term “arsenolysis” describes this phe- 
nomenon. In the sucrose phosphorylase 
system of Pseudomonas saccharophilia, 
for instance, the enzyme functions as a 
transglucosidase capable of glucose trans- 
fer to a variety of acceptors—inorganic 
phosphate, ketose sugars, and L-arabinose. 
Arsenate has been shown to serve as an 
acceptor in place of phosphate, and to de- 
compose both sucrose and glucose-1-phos- 
phate. Glucose-l-arsenate is unstable and 
does not accumulate. The reaction scheme 
shown at the bottom of the page is in con- 
formity with isotopic experiments per- 
formed on the An 
analogous sequence does not occur in 
the case of maltose phosphorylase, where 
the enzyme is unable to catalyze the hy- 
drolyses of f-glucose-l-phosphate in the 
presence of arsenate. The evidence suggests 
that an enzyme-glucose compound is not 
formed. Such studies have been valuable in 
gaining an understanding of the mechan- 
isms of enzymatic reactions and in the 
delineation of the possible enzyme-substrate 
complexes, 

Arsenolysis may account for the fre- 
quently observed activation of enzyme sys- 
tems in the presence of arsenic anions.** 
The well-known fact that arsenite strongly 
uncouples oxidative phosphorylation can be 
similarly explained; the unstable arsenyl- 
ated oxidation product rapidly undergoes 
irreversible hydrolysis and allows oxidation 
to proceed at an increased rate, but without 
the formation of the high energy phosphate 
bond .57-59 

Arsenate may be used as a diagnostic 
test for distinguishing between enzymatic 


C—O and O—P cleavage in phosphorylated 


compounds of the type R—C—P = O. 
SOH 

It is postulated that a split of the O—P 
bond involves formation of an enzyme- 
phosphoryl complex not subject to arsenoly- 
sis. When the C—O bond is split, however, 
the enzyme—C—R complex formed in sub- 
ject to phosphotolysis, and arsenate can 
replace phosphate in these reactions.® 

The physicochemical characteristics of 
certain of the organic arsenicals have been 
correlated with their therapeutic and toxic 
effects. In animals a direct relation between 
toxicity and strength of binding to tissues 
has been shown for a large series of phenyl 
arsenoxide compounds. Less firmly bound 
compounds are excreted more rapidly, and 
are less toxic at comparable levels of ad- 
ministration. At dosages producing equiva- 
lent toxicity (LDs50) tryparsamide, phenyl 
arsenic acid, and phenyl arsenoxide result 
in comparable tissue arsenic concentrations 
despite a 500-fold difference in absolute 
quantities of arsenic administered.*! 


Unsubstituted arsenosobenzene (trivalent) 
is a highly parasiticidal compound but also 
is very toxic to the host. Amide substitution 
decreases toxicity strikingly, while para- 
siticidal activity is only slightly diminished. 
Acid substituents decrease both lethal action 
on the parasite and toxicity to the host. The 
latter effect is markedly pH-dependent, the 
ionized salts being nearly inactive, while 
undissociated free acids are almost as para- 
siticidal as the parent compounds. These 
differences are the result of binding of 
the drug by the parasite, perhaps by virtue 
of penetration into the cell.*- 

Interpretations of in vivo data are com- 
plicated by the metabolic interconversions 
of various arsenicals. The pentavalent com- 
pounds, for example, although physiologi- 
cally inactive in this form, rapidly penetrate 


Sucrose + enzyme = glucose-enzyme + phosphate = glucose-1-PO, + enzyme 
4| + Arsenate 
Glucose-arsenate ++ enzyme 


Glucose +- arsenate 
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all parts of the body, including the central 
nervous system. They are excreted largely 
unchanged, but most tissues can reduce 
small amounts of these substances to the 
corresponding trivalent arsenoxides, allow- 
ing these compounds to reach otherwise 
inaccessible cells. This is stated to be the 
explanation for the greater effectiveness of 
tryparsamide in neurosyphilis and neuro- 
trypanosomiasis.** Similarly, the in vitro 
effect of arsenic upon a variety of enzyme 
systems is dependent upon valence state, 
additions to the ring, and steric factors. 

In addition to thiol reagents a number 
of other compounds have been found to 
reverse the cytotoxic action of arsenicals 
in specific reaction systems. Ascorbic acid, 
for instance, has been shown to interfere 
with the action of arsenoxide,* and p- 
aminobenzoic acid with the trypanocidal 
effect of p-arsenosophenyl butyric acid. 


Arsenic in the Environment of Man 


Man comes in contact with small amounts 
of arsenic in a variety of unexpected ways 
very much apart from the direct exposure 
occurring occupationally or through the ad- 
ministrations of medicinals. Sea water 
ordinarily contains from 0.006 to 0.03 ppm 
of arsenic, but considerably greater levels 
may occur near the mouths of estuaries 
draining industrial areas—0.14 to 1.0 ppm 
occurs in some areas off the British Isles. 
Edible portions of shellfish and crustaceans 
from these areas may contain very high 
concentrations of arsenic. Measurements 
indicate that 3 mg. of arsenic per kilogram 
of oysters and up to 174 mg. of. arsenic 
per kilogram in prawns occur in members 
of these species gathered off Britain,** 
while 42 mg. per kilogram has been found 
in shrimp gathered along the southeastern 
coast of the United States. Also, fish are 
able to concentrate arsenic remarkably from 
the traces found in most fresh water. 
Large-mouthed black bass taken from in- 
land waters of the southern United States 
contain as much AssO3 as 40 ppm in the 
liver and in extractible oils,7° and in India, 
fish from the rivers of Bengal are rich 
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in arsenic." Fresh water contains signifi- 
cant amounts of arsenic in only a few 
isolated areas in the world, but endemic 
poisoning in humans has occurred as a re- 
sult of fresh-water contamination in the 
Cordoba province of Argentina?™78 and 
in Reichenstein, Selesia.™ In the latter area 
gold, silver, and arsenic mining operations 
which have been carried on for centuries 
have contaminated spring water from large 
banks containing arsenical waste. Endemic 
arsenical poisoning of dairy cattle occurs 
in the Reporoa district of New Zealand. 
This district, located south of the Waiotapu 
thermal area, receives the overflow from 
the many arsenical-containing mineral 
springs, such as the Champagne Pool at 
Waiotapu.*® 

It has been reported that soil concentra- 
tions of arsenic may rise to many hundred 
parts per million after years of spraying 
with lead arsenate and other pesticides. The 
significance of these observations is contro- 
versial, Arsenic tends to remain in the top 
layers, and may temporarily render soil 
sterile to the growth of some plants, partic- 
ularly legumes. However, experimental at- 
tempts to sterilize fresh soil have sometimes 
required huge amounts of arsenical com- 
pounds, while in other instances plant 
growth may be markedly reduced by a con- 
centration of a few parts per million. In 
addition to the species of plant used for 
testing, observed toxicity is dependent upon 
such factors as the iron content of the soil, 
the relative amount of soluble arsenic in 
such soil, and the type of fertilizer utilized. 
Small amounts of arsenic may be taken up 
by plants grown on heavily contaminated 
soils but rarely in quantities sufficient to 
constitute a human risk.27® Other organic 
pesticidal agents are gradually replacing 
arsenical sprays in the United States, tend- 
ing to reverse progressive accumulations. 


The arsenic concentration of atmospheric 
dust has been determined by a number of 
workers and is very low or absent in most 
areas. However, arsenic in amounts from 
50 to 400 ppm has been measured in dust 
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taken from shelves of occupied business 
offices and from entrances to public build- 
ings in towns where coal is burned in large 
quantities.77 The content of copper, lead, 
and zinc in these dusts was much greater 
than that of arsenic and correlates to the 
content of these metals in coal. In a large 
study performed over many months in 
England, from 0.04ug. to 0.14ug. of As2Og 
per cubic meter of air was found in several 
sites.78 It was estimated that if exposed to 
this concentration of arsenic the “standard 
man” would inhale some 0.5 mg. per year. 

Food products may become contaminated 
with arsenic in a variety of ways, a much 
commoner occurrence in the past. Fruits 
are sprayed with lead arsenate as protection 
against several species of caterpillar, espe- 
cially the codling moth (Carpocapsa pom- 
onella), and as much as 1 to 2 mg. of 
residue may remain on an apple. Almost 
universally such residue is removed by an 
acid wash. In this country the arsenic con- 
tent of fruits and vegetables allowed for 
interstate commerce is limited to 1.4 mg. 
per kilogram.® Occasionally wine and cider 
may contain arsenic, but it is usually re- 
moved during processing. Wine yeasts have 
been shown to contain arsenic in amounts 
up to 150 to 180 ppm, however, and baker’s 
yeast up to 17 ppm.*® Arsenical sprays are 
toxic to bees, but the element apparently 
does not reach the honey. Meat may con- 
tain traces of arsenic used as a growth addi- 
tive in the animal diet. These additives are 
ordinarily discontinued several days prior 
to marketing, and in fact, the Food and 
Drug Administration allows a maximal 
animal tissue arsenic content of only 2.65yg. 
per gram.* 

The 1900 Lancashire, Straffordshire beer 
outbreak in England ranks among the most 
unusual cases of arsenical contamination of 
food products; some 6,000 persons became 
ill, and, of these, 70 died.**:7® The beer con- 
tained as much arsenic as 15 ppm, while 
the glucose used in fermentation contained 
several hundred parts per million. The 
ultimate cause was found to be in the 
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preparation of the sugar, sulfuric acid con- 
taining 1.4% arsenious acid having been 
used. Arsenic contamination of sulfuric acid 
was also the source in subsequent, similar 
incidents for many years. The acid was 
manufactured from pyrites (containing 
arsenical impurities) by the lead-chamber 
process and was widely used in the man- 
ufacture of many foods, including sugars 
used in brewing and confection making. It 
was also employed in the manufacture of 
citric, tartaric, and phosphoric acids; 
vinegar; glycerin; food color; yeast, and 
caramel. Presently, the sulfuric acid used 
in these processes is generally manufactured 
by the contact process, in which sulfur 
dioxide and air are passed over a catalyst 
to form sulfur trioxide. Recently, however, 
a report from England which indicated a 
high arsenic content to be present in certain 
commercial detergents serves as evidence 
that watchfulness is required to prevent the 
use of acid prepared in the older manner in 
products destined for human use.* 

Occasionally coke produced from coal 
containing arsenical pyrites has been used 
as a drying agent for malt and grains, re- 
sulting in contamination of these products. 
Arsenic has at times contaminated food 
products by way of ingredients such as 
alkali or gelatin made from the wool or 
hides of animals treated with arsenic sheep 
or cattle dip.** Even chocolates have been 
found contaminated from wrapping them 
in brightly colored paper dyed with an 
arsenical pigment,’® but such reports are 
very infrequent today. 

Tobacco smoke has been much publicized 
as a source of environmental arsenic. In 
1945 the arsenic content of cigarettes, 
cigars, and pipe tobacco was studied and it 
was reported that 11% to 23% of the total 
arsenic was volatilized during smoking; 
puffed cigarette smoke contained up to 10.5 
mg. per cubic meter. Since this report 
English workers over a period of several 
years have analyzed tobacco products ex- 
tensively.8** In 1950-1951 the content of 
various brands of cigarettes ranged from 
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Oug. to 106g. of per gram, Amer- 
ican tobacco being responsible for the higher 
values and eastern European, especially 
Turkish tobacco, for the lower ones. This 
variation was attributed to arsenical spray- 
ing of the crop in the United States. By 
1957, thirty-nine brands of cigarettes from 
18 countries had been analyzed ; decreasing 
arsenic contents in American tobacco was 
reported. During natural smoking 7% to 
18% of the arsenic in cigarettes is said to 
volatilize; 60% appears in the ash, while 
some 25% is said to remain in the stump. 
The arsenic content of American cigarettes 
is reported to have increased from 12.6yg. 
to 42yg. per cigarette between 1932 and 1951, 
but no later figures are available from this 
source. The increase was attributed to 
prolonged accumulation of lead arsenate in 
the soil, although a concomitant increased 
assimilation of arsenic by the plant was not 
reported. 


Nutrition 


Although arsenic is present in minute 
amounts in all animal tissues and_ fluids, 
attempts to demonstrate a state of deficiency 
have proven unsuccessful. Rats fed diets 
containing as little as 2ug. of arsenic per 
day live for long periods without develop- 
ment of unfavorable signs or symptoms.*® 
There is some evidence of a favorable effect 
of arsenicals on hemoglobin production,*** 


in the stimulation of tadpole metamorphoses, 


and as a growth promoter in tissue cul- 
88,89 


tures. 


Feeding derivatives of phenyl arsenic 
acid results in “growth stimulation” in 
chickens, turkeys, swine, rats, and calves; 


these chemicals are commonly administered 
as dietary supplements at concentrations on 
the order of 0.005% to 0.01% of food.* 
Arsenic is said to be a physiologic antag- 
onist of iodine. The addition of 0.02% 
arsenic to the diet of rats more than doubles 
the iodine requirement of this species 
and arsenic protects animals poisoned by 
thyroxin or whole thyroid. A high inci- 
dence of goiter and cretinism is reported 
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among the so-called “arsenic eaters” (cer- 
tain mountaineers of the Styrian Alps who 
ingest large quantities of arsenic trioxide 
once or twice weekly as a tonic and stim- 
ulant) and among dwellers in the endemic 
zones of arsenical intoxication in the 
Cordoba province of Argentina.®* 
Similarly, arsenic is an antagonist of 
selenium. Argicultural animals subject to 
selenium toxicity through forage in selini- 
ferous areas are protected by small quanti- 
ties of arsenic (5 to 10 ppm) added to 
their drinking water.*** Tungsten is the 
only element, other than arsenic, shown to 
provide such protection in experimental 
animals.® Selenium antagonism by arsenic 
also occurs in vitro in yeast, but this effect 
is less specifically a virtue of arsenic.% 


Distribution in Tissues 


The distribution of radioactive arsenical 
compounds after oral and parenteral ad- 
ministration to animals or man has been 
examined.** Most species excrete the 
dose rapidly by way of the urine during 
the first 24 to 48 hours; slower elimination 
occurs for 7 to 10 days thereafter. Less 
than 10% of the usual soluble forms of the 
element appear in the feces. In the first 
24 hours after administration arsenic con- 
centrates in the liver, kidneys, lungs, spleen, 
and in the skin 
may rise for several days, while in the liver 


skin. The concentration 
and kidney it decreases. Very small quanti- 
ties appear in the brain, heart, and uterus. 
Low of the element are 
found in bone and muscle, but the total 
content of these tissues may be high be- 
cause of their mass and, with the skin, 
they represent the major storage areas. 
Transient high concentrations in the stom- 
ach and intestine appear after oral admin- 
istration, as would be expected. Small 
quantities, even of low doses, are stored 


concentrations 


for several months in ectodermal tissue, 
primarily the hair and nails; accumulation 
in these sites is progressive with repeated 
exposure, 
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Inorganic arsenic does not cross the 
blood-brain barrier in humans, although it 
may do so in some anthropoids.% In man 1% 
and rats’ arsenic is transferred across 
the placenta. The element appears in cows’ 
milk 8¢-2 but not in rodent milk.1* 


In leukemic blood arsenic is concentrated 
in the white blood cells; less is found in 
red cells and plasma.® In the rat, however, 
arsenic may be bound to hemoglobin and 
therefore has a marked affinity for erythro- 
cytes.56*7 Consequently, excretion in the 
rat is slower than in other species. In 
chronic feeding experiments of rats nearly 
20% of the ingested arsenic is accumulated 
over a three-month period.® This storage 
is dependent upon the form in which the 
arsenic is ingested. Organic arsenic in 
the meat of shrimp taken from coastal 
waters is not retained, in contrast to in- 
organic arsenicals. More arsenic is retained 
by rats when fed as calcium arsenate than 
when ingested in the form of arsenic tri- 
oxide.'°* Pharmacologic studies in animals 
have also shown a definite relationship be- 
tween toxicity, firmness of binding, and 
excretion of the various arsenical prepara- 
tions.*t Highly toxic compounds are bound 
rapidly and firmly in the liver and kidney, 
and are thus excreted more slowly than the 
less toxic and less firmly bound substances. 

It has been reported that arsenic does not 
accumulate in “rapidly growing tissues.” 
Others have shown, however, that some 
tumors concentrate the element to a high 
degree; the mechanism is uncertain.%100.106 
The contention that the arsenic content of 
venous blood of women increases during 
pregnancy and also at the time of menstrua- 
tion has been 

In certain mammalian tissue fractions * 
the bulk of the injected radioarsenic is in 
the protein fractions; smaller amounts are 
present in the acid-soluble portions of tissue 
and insignificant ones in lipids. Arsenic is 
concentrated in those proteins precipitated 
by less than half-saturated ammonium sul- 
fate. Nucleoproteins do not concentrate the 
element more than do proteins in general. 
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Normal Arsenic Content of Tissues and Fluids 
of Man 


Arsenic Content References 


Tissue or Fluid 


Whole body 
Urine 


0.2-0.3 
0.003-0.150 


ppm 

ppm 

p/24 br. 

ppm 

ppm 

ppm 

ppm 2, 76, 103, 181 
ppm 2, 76 

ppm 103 


Blood 


Hair 
Nails 


Tracheobronchial 


lymph nodes ppm 182 


a;-Globulins are said to be the major car- 
rier of arsenic in the plasma of mice,! 
and their skin has extremely high affinity 
for arsenic. “Normal” values from the 
literature for the arsenic content of human 
fluids and tissues are detailed in the Table. 


Clinical Toxicity 


Accidental arsenic poisoning may result 
from medical overexposure, from industrial 
exposure, or from one of the many sources 
of arsenic noted to be present in the en- 
vironment. The cardinal manifestations of 
poisoning are dependent upon the type of 
arsenical involved and the time-dose rela- 
tionship. The clinical disease produced by 
solid arsenic differs markedly from that due 
to arsine vapor, and the approach to therapy 
must vary accordingly. 


Solid Arsenic 


Ingestion of solid arsenic continues to 
be a frequent cause of mortality in this 
country. In 1955, pesticides of all types 
were responsible for more than 900 deaths 
in the United States. The commonest of 
these pesticidal agents were arsenicals.!” 
In a two-year period 17 cases have been 
reported in New York City alone.! 
Nearly one-third of the cases were fatal, 
and more than one-third involved children 
under 5 years of age. Symptoms may occur 
as soon as 30 minutes after ingestion. 
Burning and dryness of the mouth and 
throat, dysphagia, colicky abdominal pain, 
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projectile vomiting, profuse diarrhea, and 
hematuria are the major early manifesta- 
tions. Shock develops rapidly as a con- 
sequence of dehydration. Paralysis and 
increased permeability of the splanchnic 
capillary bed is a major factor in the de- 
velopment of the syndrome. The toxicity 
varies with the solubility and purity of the 
ingested compound.® If the patient survives 
the initial illness, recovery may be compli- 
cated by the development of encephalitis, 
myelitis, nephritis, or dermatitis. Therapy 
includes supportive measures, gastric 
lavage with 1% sodium thiosulfate in warm 
water or milk, and dimercaprol, 2 to 3 mg. 
per kilogram every four hours until all toxic 
symptoms abate. Epinephrine or ephedrine 
may allay some of the undesirable side- 
effects of dimercaprol. 

The fatal dose of arsenic trioxide for 
man is 70 to 180 mg., although toxicity 
may result from much smaller quan- 
Arsenical concentrations in 
blood, urine, hair, and nails increase from 
10 to 100 times normal in instances of 
acute poisoning. Elevated concentrations 
have been found in the hair of bodies of 
people homicidally poisoned with arsenic 


and exhumed as long as nine years after 
death.1” 

Chronic intoxication with solid arsenicals 
is infrequent but occurs sporadically, some- 
times involving many persons, as in the 
beer-drinkers’ epidemic mentioned previ- 
ously, and endemically in Cordoba, Argen- 
tina. Polyneuritis and motor palsies may be 
the only manifestations of chronic exposure. 
As in lead intoxication, weakness is most 
likely to affect the long extensors of the 
fingers and toes. Arsenical neuritis is said 
to be more symmetrical, widespread, and 
painful than that seen with lead.47-1* Per- 
sonality changes may be a part of the 
neurologic syndrome, along with headache, 
drowsiness, memory loss, and confusion. 
Nerve biopsy specimens obtained from 
such patients show degeneration which is 
attributed to “interference with the pyruvate 
oxidase system.” 1* The similarity of the 
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clinical syndrome of arsenical encepha- 
lopathy (“hemorrhagic encephalitis’) to 
Wernicke’s syndrome! and Korsakoft’s 
psychosis "* has been noted. The concen- 
tration of blood pyruvate is elevated in all 
these circumstances, This clinical similarity 
would be expected on the basis of the 
known biochemistry of these diseases. 
Wernicke’s syndrome and Korsakoff’s psy- 
chosis are due to thiamine deficiency. Since 
thiamine is a cofactor for decarboxylation, 
its lack is manifested in the same manner 
as arsenic poisoning, which interferes with 
the action of lipoic acid, another cofactor 
in this system. 

In addition to the neurologic changes 
chronic arsenical intoxication may be ac- 
companied by increased salivation, hoarse- 
ness, cough, laryngitis, conjunctivitis, and 
colicky abdominal pain. Skin changes are 
very specific and consist of diffuse, dry, 
brawny, nonpruritic desquamation over the 
trunk and extremities, with scattered areas 
of deeper pigmentation (melanosis). Pro- 
nounced hyperkeratosis, especially of the 
palms and soles, regularly occurs, and soft 
pitting edema of the legs and feet or 
periorbital regions may be present.!!4.117.118 
Trophic skin changes, with a purplish-red 
hue and smooth shiny finger tips, are fre- 
quently seen." Transverse white striae of 
the fingernails,’*° leukopenia and eosino- 
philia,"* toxic hepatitis,!*! optic nerve tox- 
icity,!*? and vestibular toxicity 1% have all 
been reported in chronic arsenicalism. 
Hemorrhagic encephalopathy and cutaneous 
eruptions are serious complications of med- 
ical therapy with both organic and inor- 
ganic compounds of 


There is marked individual variation in 
the dose and duration of time before man- 
ifestations of chronic arsenical intoxication 
appear. Toxicity resulting from the chronic 
treatment of asthma with potassium arsenite 
(Fowler’s solution) may not become evident 
for one to two years or may occur as soon 
as a few weeks. In contrast certain persons 
have been able to tolerate doses as high as 
20 mg. of potassium arsenate three times 
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daily without developing any signs of 
toxicity.”* Rats receiving nearly 18 mg. of 
arsenic per kilogram of food for as long 
as one year may show no toxic symptoms 
nor organ pathology at autopsy.® Accord- 
ing to Sollman the semilegendary “arsenic 
eaters” may ingest 400 mg. once or twice 
a week without developing symptoms. 


Furthermore, they exhibit no withdrawal 
syndrome.® 


Occupational exposure to lead arsenate 
once commonly occurred in orchardists in 
this country, when trees were sprayed as 
often as 10 times yearly. Workers were 
exposed to dust concentrations of more 
than 1.4 mg. per 10 cu.m. of air. Under these 
circumstances low-grade intoxication is un- 
usual, but it did More serious 
exposure has been reported in an airplane 
pilot engaged in spraying operations,'** and 
also among certain foreign vineyard work- 
ers.19 

In industry today arsenic is a rare cause 
of systemic poisoning, but remains a pri- 
mary toxicologic hazard as a skin and 
mucous membrane irritant. An allergic type 
of contact dermatitis is frequently seen 
where white arsenic is handled. This may 
be eczematous, follicular, erythematous, or 
even ulcerative in character.5!%° Therapy 
is similar to that for the usual industrial 
dermatoses, but dimercaprol may be added 
to the regimen. Heavily exposed workers 
processing either organic or inorganic arse- 
nic absorb, inhale, or ingest small amounts 
of the element as evidenced by elevated 
concentrations in the urine and_ hair; 
toxicity, however, occurs but rarely, and 
then in a mild form.5151182 Mucous mem- 
brane irritation, rhinorrhea, conjunctivitis, 
pharyngitis, and laryngitis are seen as di- 
rect results of exposure to arsenic dust and 
are preventable with proper protective de- 
vices. Particulate matter absorbed into the 
nasal passages induces an inflammation of 
Kiesselbach’s area and may quickly result 
in an ulcerative, necrotic slough of cartilage 
leaving a 3 to 8 mm. punched-out area 
in the septum.** The maximum safe con- 


66/142 


centration of arsenic dust to which workers 
may be exposed has been set by the Amer- 
ican Conference of Industrial Hygienists 
at 0.5 mg. per cubic meter of air for 
As2Oz and 0.1 mg. per cubic meter for 
calcium arsenate.'** 

Accidental poisoning of agricultural ani- 
mals and wildlife by solid arsenicals is 
reported occasionally, and it produces clin- 
ical syndromes and pathologic findings 
analogous to those in man,75-185-187 


Arsine 


Arsine is the most dangerous form of 
arsenic and the most serious in terms of 
industrial hazard. Hamilton and Hardy 
referred to it as the only powerful hemo- 
lytic poison found in industry.* Clinically 
the resultant illness has sometimes been re- 
ferred to as “acid fume poisoning” or as 
“toxic jaundice” in Britain. Arsine is lib- 
erated whenever hydrogen is generated in the 
presence of arsenic; the element may be 
a contaminant of either the metal or the 
acid involved in the production of hydro- 
gen. Arsine evolution may also result from 
reduction of arsenious or arsenic acid (or 
compounds thereof) by means of nascent 
hydrogen, from electrolysis of arsenious 
solutions, and from the action of water or 
dilute acid upon metallic arsenides. Danger- 
ous quantities may even appear from the 
action of atmospheric moisture upon arsen- 
ical-contaminated metallic sulfides. 

The gas was discovered in 1775, by 
Scheele, but its poisonous nature was not 
appreciated until 1815, when a chemist, 
Professor Gehlin, of Munich, in the course 
of an experiment inspired the vapor, be- 
came ill within an hour and soon died, 
providing the first experimental evidence of 
its dramatic toxicologic action.1%* Similar 
accidents have occurred many times since 
in chemistry laboratories, in industry, and 
as a result of an unusual variety of unex- 
pected mishaps. Arsine poisoning has been 
reported from filling toy balloons with hy- 
drogen generated from hydrochloric acid 
and zinc contaminated with small amounts 
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of arsenic. For the same reason, early 
aeronauts were sometimes killed before they 
even left the ground. Passengers on board 
ships have been poisoned from gas liberated 
from the contact of moisture with fer- 
rosilicon being carried as cargo.™*® During 
World War I several incidents occurred in 
submarines from battery plates contam- 
inated with arsenic, and a particularly lucid 
description of the clinical and laboratory 


aspects of the resultant illness is on rec- 

While the British climate has been in- 
dicted in the etiology of a variety of chronic 
diseases, it has also come in for chiding in 
arsine poisoning. For more than 100 years, 
isolated instances of mysterious death were 
reported in damp English homes, and oc- 
casionally in Germany and elsewhere upon 
the Continent. In 1839 Gmelin reported a 
garlic odor as characteristic of these 
domiciles, and reasoned that a_ volatile 
arsenic compound was produced by the 
action of mold and dampness upon the 
arsenical-containing wallpaper pigments.’*! 
The precise nature of this gas was difficult 
to establish and was variously described as 
cacodyl oxide, (CHs)2—As—O—As— 
arsine, and diethyl arsine. 
In 1891 Gosio succeeded in producing the 
gas from the action of a mold, Penicillium 
brevicaule, on potato mash containing ar- 
senious oxide.#® He, too, was unable to 
characterize the vapor chemically, but his 
experiments formed the basis of a sensitive 
olfactory method for detection of arsenic 
useful for many years. “Gosio gas” is now 
known to be trimethyl arsine.’ 


Most industrial instances of arsine poi- 
soning have occurred among metallurgical 
workers from the action of water or acid 
on arsenic-bearing metals. This continues 
to be a problem in spite of general famil- 
iarity with the risks involved. Since the 
beginning of World War II, incidents have 
been reported involving workers employed 
in the cyanide extraction of gold,'* in the 
handling of aluminum dross during the re- 
fining of tin or lead,'**"! in the manufac- 
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ture of arsenical weed killers ** and wood 


preservatives,“* in the processing of 
zinc,'**155 and in the cleaning of large 
tanks used to store or transport acid.’ 

Simple precautions could have avoided all 
the reported fatalities; in fact, the circum- 
stances of several more recent accidents are 
nearly identical to those described a decade 
earlier. In the majority of reports, workers 
have failed to realize the risk of moisture 
or acid contacting impure metal, particu- 
larly in closed areas. It is most important 
that employees be warned of this danger 
and that all possible measures be taken to 
avoid needless exposure. 

The major toxicity of arsine is due to 
the hemolysis of the red blood cells, but 
the exact reason for this effect is uncertain. 
It occurs only under aerobic conditions and 
involves only mature cells.14%%" Neither 
arsenic trioxide nor arsenic pentoxide has 
this effect. Guinea pigs chronically ex- 
posed to the gas in small concentrations 
(0.5 to 2 ppm) exhibit increased red cell 
fragility, leukopenia, and a rapid fall of 
red cells to a stable level, roughly 80% of 
normal.'*8 The toxicity of arsine and its 
clearance from the bodies of mice has been 
compared to that of sodium arsenite.’** 
Whereas arsenite is cleared exponentially 
from the animal with less than 10% re- 
maining after 24 hours, arsenic derived 
from arsine is cleared much more slowly, 
some 45% being retained at 24 hours. 
There are indications that rapid detoxifica- 
tion of the gas may occur in mice, since 
much larger total doses were tolerated at 
low rather than at high gas concentrations. 
Tissue analyses for arsenic in animals ex- 
posed to varying concentrations of arsine 
suggest that at higher gas concentrations 
dissolved arsine reaches the tissues directly 
rather than first being combined with the 
red cells. 

In humans, arsine concentrations of 3 to 
10 ppm may cause symptoms in several 
hours, 10 to 60 ppm may be dangerous in 
30 to 60 minutes, and 250 ppm may be 
lethal in 30 minutes. In one industrial 
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accident, levels of exposure of 300 ppm 
were estimated to have occurred. The 
maximum average safe concentration for 
the exposure of workers to arsine is 0.05 
ppm as recommended by the American 
Conference of Governmental Industrial 
Hygienists."*# 

In a large measure mortality from the 
gas occurs as a consequence of massive 
hemolysis and is dependent upon its fast 
rate, which is in turn dependent upon the 
arsine concentration and duration of expo- 
sure. Early symptoms of acute exposure 
include headache, anorexia, nausea, vomit- 
ing, and paresthesia. 
may be manifested by dyspnea on exertion 
and palpitation resulting from the anemia. 
Abdominal pain, chills, and hematemesis 
are common, and hemoglobinuria may ap- 
pear as early as four hours after acute 
exposure. A peculiar bronze color of the 
skin and injected or pink conjunctivae have 
been noted as early signs. Frank jaundice 
and tenderness of the liver and spleen ap- 
pear after 24 hours in acute cases. Leuko- 
cytosis is usually present, and hypercalcemia 
has been reported.* As with other dis- 
eases exhibiting acute massive hemolysis, 
anuria (hemoglobinuric nephrosis) may re- 
sult; the eventual survival is dependent 
upon the course of acute renal failure. 
Transfusions, fluid limitation, and the usual 
supportive measures should be employed. 
During the past 15 years most cases have 
been treated with dimercaprol, but the re- 
sults have been almost uniformly disap- 
pointing in contrast to the beneficial effects 
of the drug in the treatment of solid arseni- 
cal intoxication or after exposure to lew- 
isite. It has been suggested that fat-soluble 
mono- and dithiols would be more likely 
to penetrate the red blood cell membrane 
and bind arsine, and protection of animals 
has been achieved with such agents.4 Sur- 


Chronic exposure 


vivors of acute poisoning usually regain a 
normal state after about two weeks, but 
residual electrocardiographic changes, con- 
sisting of elevated T-waves in the precor- 
dial leads, have been reported to persist 
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for many months.’® If death occurs, it 
usually results from sudden myocardial 
failure and pulmonary edema. At autopsy, 
the mucous membranes and serous surfaces 
are found to be stained with hemoglobin. 
In addition myocardial and renal degenera- 
tive changes are observed.4** Organ anal- 
ysis for arsenic indicates the element to be 
primarily concentrated in the liver (up to 
15 ppm), but large amounts are also found 
in the lungs and the kidneys.1*® 


Arsenic and Cancer 


In 1820 a Cornish physician, J. Ayrton 
Paris, wrote: 

It may .. . be of interest to record an account of 
the pernicious influence of arsenical fumes upon 
organized human beings, as I have been enabled to 
ascertain in the copper-smelting works of Corn- 
wall and Wales; this influence is very apparent in 
the condition both of the animals and vegetables 
in the vicinity; horses and cows commonly lose 
their hoofs, and the latter are often seen in the 
neighboring pastures crawling on their knees and 
not infrequently suffering from a cancerous affec- 
tion in their rumps whilst milch cows, in addition 
to those miseries, are soon deprived of their 
milk. . . . It deserves notice that the smelters are 
occasionally affected with a cancerous disease on the 
scrotum, similar to that which infests chimney 
sweepers. .. .° 

Subsequent to these observations keratosis 
in man was recognized as a consequence 
of arsenic exposure,’ and an etiologic re- 
lationship between medicinal arsenic and 
carcinoma of the skin was suggested in 
1887 by Sir Jonathan Hutchinson, who 
reported several cases following the admin- 
istration of arsenic as a treatment of pso- 
riasis.'®* Carcinoma of the lung in the 
Schneeberg miners was attributed to arsenic 
inhalation at one time, since the element 
comprises some 0.1% of the dust in the 
mines.1®* This disease is now believed to 
be due to exposure to radioactive mate- 
rials. 

Since 1900 instances of alleged “arsenical 
cancer” have been irregularly reported fol- 
lowing treatment for psoriasis,!®* from the 
use of sheep-dip,’®* and in areas where the 
natural water supply is high in arsenic con- 
centration.™? In 1934 fourteen cases of skin 
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cancer attributed to use of arsenicals were 
reported. These included two instances in 
farmers regularly using the element in pes- 
ticide sprays.4* In 1942 the total number 
of cases of medicinal arsenical epitheliomas 
was estimated to be 115 on the basis of the 
32 reports then published.6® The entire 
problem was reviewed in 1947. It was 
pointed out that in nearly every instance 
arsenic was inferred to be one of several 
factors present which could be incriminated 
to increase the predisposition to cancer.!® 
It was concluded that cancer from indus- 
trial exposure to arsenicals would be ex- 
tremely rare. By 1949, in this country only 
20 cases of cancer due to arsenic had been 
officially reported, although this figure was 
thought to be misleadingly low.’7° It is 
still questionable that a direct relationship 
was established. 

Little new knowledge of the relationship 
of arsenic to carcinogenesis has been gained 
during the past decade. Eight cases of 
cutaneous malignancy subsequent to arseni- 
cal medication among 110 new cases of skin 
cancer seen in a two-year period at the 
University of Minnesota Clinic were re- 
ported.'7* The mean age of appearance of 
the keratosis was 32 years, and that of the 
epitheliomas was 51 years. The interval 
between onset of exposure and appearance 
of malignancy ranged from 16 to 44 years, 
with a mean of 28 years, indicative of the 
long latent period generally observed. The 
amount and duration of arsenical medica- 
tion seemed to bear little relation to the 
likelihood of development of cancer. 

An instance of possible occupational 
arsenical cancer involving a gardener ex- 
posed to outdoor spraying for many years 
has been reported.17* In a study of the 
incidence of cancer in a factory handling 
inorganic arsenic compounds, it was dem- 
onstrated on the basis of long-term mor- 
tality figures that carcinoma was more 
frequent in exposed workers than in the 
comparable local Current 
employees of the plant involved in handling 
the arsenicals had gross pigmentation and 
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hyperkeratoses with wart formation on ex- 
posed parts and increased arsenic contents 
in the hair and urine. No carcinomas were 
present, however, in this group. Snegireff 
and Lombard compared the incidence of 
carcinoma in an arsenical plant to that in 
a comparable plant not manufacturing ar- 
senicals and to the frequency of carcinoma 
in the state at large.’ No significant differ- 
ences could be demonstrated, but the limited 
data make statistically valid conclusions 
difficult. 

A number of reports of visceral car- 
cinoma “due to arsenicals’” have ap- 
peared,?!®.12%175 Tn addition the question of 
tobacco as an etiological agent in lung car- 
cinoma has been confused further by virtue 
of its arsenic content. However, conclusive 
evidence for such relationships is not avail- 
able. Attempts to induce cancer by painting 
the skin of experimental animals with ar- 
senic solutions have been largely nega- 
tive,'7*!"8 and an increase of the arsenic 
content of cigarettes has failed to influ- 
ence the development of lung tumors in 
albino mice.'7® In summary, the production 
of arsenical cancer in animals has never 
been satisfactorily demonstrated. 

Analysis of the cases reported to date 
leads to the conclusion that arsenic may be 
a factor in predisposition to skin cancer but 
at best in a very small per cent of persons 
exposed and those mainly by way of medic- 
inal drugs and rarely in industry. There 
is no valid basis for assuming that the ele- 
ment plays any role in causing other types 
of carcinoma. Speculation concerning an 
association of the arsenic content of ciga- 
rette tobacco with the increased frequency 
of carcinoma of the lung have received 
wide and deplorable publicity. It is partic- 
ularly important, therefore, to point out 
that at present these conjectures lack any 
experimental basis whatsoever. 


Summary 


Exposure to toxic quantities of arsenic 
remains a risk both in and outside industry 
in this country. The gradual abandonment 
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of medical therapy utilizing arsenicals has 
alleviated much of the danger of these 
products, but accidental ingestion of insec- 
tides and rodenticides continues to claim 
many lives. Arsine generation remains the 
only major industrial risk from this ele- 
ment, and prevention lies largely in aware- 
ness of the problem. Skin irritation to solid 
arsenicals, although occurring frequently, 
is controllable in much the same way as 
other industrial irritants. Certain aspects 
of the metabolism and biochemistry of the 
arsenical compounds are now well under- 
stood. Application of this knowledge has 
led to a rational basis of therapy for cases 
of poisoning with solid arsenic, and it 
might be hoped that arsine toxicity could be 
similarly controlled. It is improbable that 
arsenic plays a significant role in the gen- 
esis of cancer. 


Peter Bent Brigham Hospital, 721 Huntington 
Ave. 
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Reticuloendothelial Response to Pentane 


ZOLTON T. WIRTSCHAFTER, M.D., and MARGARET G. BISCHEL, Portland, Ore. 


The alkanes are paraffinic hydrocarbons 
which comprise a long series of closely 
related substances that are present in nat- 
ural gas and petroleum. Among them is 
pentane, one of a number of commonly used 
industrial solvents; it is neither an aromatic 
hydrocarbon, as benzene,* nor a halogen 
derivative of hydrocarbon, like carbon tetra- 
chloride. Review of the literature does not 
reveal any report on the hematologic effect 
of pentane. Hence, this investigation was 
planned to observe the alterations, if any, of 
the cellular morphology of the hemopoietic 
system by means of imprints of the lymph 
nodes, the thymus, the liver, the spleen, the 
bone marrow, and smears of the peripheral 
blood, after administration of a single sub- 
cutaneous injection of pentane in rats of 
the Long-Evans strain. 


Methods and Materials 


Animals.—Mature rats of the Long-Evans strain 
were used in this experiment. The control group 
consisted of 20 animals, the experimental group 
of 26 animals. 

Diet—From the time of weaning until autopsy, 
animals were on the Rockland Rat Diet (com- 
plete), which consists of cane molasses, soy bean 
meal, fish meal, condensed buttermilk, gluten meal, 
wheat germ oil, oats, wheat bran, wheat flour mid- 
dlings, yellow corn, hulled barley, hulled oats, 
wheat, milk powder, alfalfa leaf meal, A & D 
Feeding Oil, steamed bone meal, salt, irradiated 
yeast, linseed oil meal, corn oil meal, and calcium 
carbonate, fortified with minerals and vitamins. 

Environment.—The experimental animals were 
housed in an air-conditioned room in which the 
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* This laboratory is presently engaged in the 
study of the hemopoietic effect of a subcutaneous 
injection of 0.4 ml. of benzene per kilogram of 
body weight by means of the imprint technique. 
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temperature was regulated at 73 to 75 F and the 
relative humidity at 45% to 50%. 

Injection —One injection of 0.4 ml. of pentane 
per kilogram of body weight was administered 
subcutaneously. 

Autopsy.—Two rats were autopsied serially at 1, 
2, 4, 10, 12, 16, 18, 20, 24, 72, 120 hours, 1 week 
and 3 weeks.* 

All autopsy procedures were performed with 
rats under ether anesthesia, and a detailed in- 
spection was made of all viscera. Particular at- 
tention was focused upon the liver. A blood smear 
was obtained from the tail of the animal. All 
organs were then removed and weighed on a 
Roller-Smith torsion balance, except the liver, 
which was weighed on an analytical balance. Im- 
prints were studied of the lymph node, thymus, 
spleen, liver, and marrow. Smears of peripheral 
blood were made simultaneously at autopsy. 

Imprint Technique—Imprints of femur marrow 
were made from three areas of the femur across 
a series of four slides to obtain maximum vari- 
ation present in any one animal. Imprints of the 
spleen were obtained from both the lower and 
the upper poles across a series of four slides. 
Specimens of thymus, liver, and lymph node were 
made from a cross section of each organ. The 
imprinting technique consists of lightly touching 
the slide with the tissue, held in a pair of forceps, 
in a straight up-and-down movement, across a 
series of slides in all cases. In this manner, one 
layer of cells adheres to the slide, without dis- 
tortion, and a series of imprints from different 
areas of each organ examined are visualized on 
one slide. 

All slides were stained with Osgood’s modifica- 
tion of the Wright’s technique. 

Wright’s Stain: National Aniline Wright's Stain 
C.P., 0.5 gm., is dissolved in 100 ml. of absolute 
methyl alcohol (acetone-free). It is important to 
keep the stock bottle of alcohol tightly closed, as 
contamination by air and water vapors will spoil 
the stain. 


Let stand at room temperature or in a warm 
dry place for 24 hours to 48 hours. Stir several 
times. The stain is then filtered and is ready for 
use. Keep in a tightly stoppered bottle. 

Buffer for Wright’s Stain: Weigh out 5.12 gm. 
of NasHPO, (dibasic) and 13.26 gm. of KHsPO, 
(monobasic) and put in a 2,000 ml. volumetric 
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flask. Dissolve in distilled water, and dilute to 
mark. The pH must be in the range of 6.4 to 6.6. 

Wright’s Stain Technique: Flood slide with 
Wright’s stain, and let stand for three minutes. 
Add buffer until a metallic sheen appears. Mix 
thoroughly by tilting rack gently. Set timer. Blood 
slides are stained 15 minutes. Imprints are stained 
30 to 45 minutes. 

Method of Examination: All slides were first 
reviewed under low power for gross morphology 
and variations of the imprints on each slide. A 
more detailed examination and description of the 
cytology was made under oil-immersion objective. 
One thousand cells were enumerated on each spleen 
and marrow. A differential count of 100 cells was 
performed on each blood specimen. Reticulocyte 
counts were performed with use of 0.1% brilliant 
cresyl blue in 0.85% saline. Tail blood and bril- 
liant cresyl blue were mixed in equal quantities 
and allowed to incubate at room temperature for 
3 to 10 minutes. Smears were made, and reticulo- 
cytes were enumerated by use of a Miller disk. 
Observations were made on specimens of liver, 
lymph node, and thymus without enumeration. It 
is unfortunate that, because of technical difficulties, 
the absolute total cell counts cannot be obtained. 
Hence, only relative and not absolute values were 
obtained. 

Results 

Blood.—Initially, at one hour, no effect 
is demonstrated in the peripheral blood. A 
mild basophilia occurs from 2 hours through 


20 hours, concomitant with a mild to mod- 


Fig. 1—Splenic imprint 
of the normal rat. Ho- 
mogenous field of mature 
lymphocytes, with an oc- 
casional lymphocytic pre- 
cursor; 842. 


Wirtschafter—Bischel 


erate monocytosis which persists through 
the three-week observation. Eosinophils, 
lymphocytes, and erythrocyte morphology 
remains within normal limits throughout the 
experiment. Reticulocytes are not increased. 
Thrombocytes appear to be adequate in all 
intervals. A mild to moderate neutropenia 
in the peripheral blood occurs from 24 hours 
through three weeks. 

Thymus.—The imprint of the normal 
mature rat thymus consists of a diffuse, 
even pattern of mature lymphocytes inter- 
spersed with a very occasional precursor. 
Cells of reticuloendothelial origin and plas- 
macytes are very rarely encountered. How- 
ever, initially, at one and two hours after 
injection, an occasional macrophage is pres- 
ent. Numerous macrophages are noted at 
16 hours, with an occasional plasmacyte. 
Occasional macrophages and a rare plasma- 
cyte persist at one week. At three weeks, 
the thymus shows a normal picture. 

Liver Imprints——No aberrations were 
observed in the liver imprints. 

Spleen.—Cytology of the normal mature 
rat spleen reveals a preponderance of 
mature lymphocytes, with an occasional 
neutrophil and metarubricyte. A rare eo- 
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Fig. 2,—Splenic imprint 
of the rat, 24 hours after 
one injection of pentane. 
Increase of reticuloendo- 
thelial cells to 10-12 times 
the normal The 
increase of reticuloendo- 
thelial consists of 
pulp cells, 124 to 15y in 
size, of a vesticular chro- 
matin pattern, with 0-1 
orthochromatic small nu- 
cleoli in a basophilic cyto- 
plasm. 
sporadically increased; 
reduced about 7% from 
magnification > 842. 


value. 


cells 


Plasmacytes are 


sinophil, basophil, reticuloendothelial cell, 
plasmacyte, and megakaryocyte is encoun- 
tered. Lymphocyte precursors in minimal 
number are interspersed throughout the im- 
print (Fig. 1). 


Thirty minutes after an injection of 


reticuloendothelial cells are in- 
creased from the normal value of 0.6% to 


pentane, 


2.0%. This value rises to 10% at 1 hour 
and a peak value of 18% to 20% 18 hours 
after a single injection of pentane. Total 
numbers of reticuloendothelial cells show 
fluctuation from this point and are 10 to 
12 times the normal value through 120 
hours, where a value of 18% persists 


through the termination of the experiment 


Fig. 3—Imprint of the 
lymph node of the normal 
rat. Homogenous field of 
mature lymphocytes; 


X 842. 
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at three weeks. The increase of reticulo- 
endothelial cells consists of pulp cells, which 
are 12y-15, in size, of a vesicular chromatin 
pattern, with 0-1 orthochromatic small nu- 
cleoli in a basophilic cytoplasm (Fig. 2). 
Plasmacytes are sporadically increased 
from 1 hour through 48 hours up to double 
the mean normal value in the early phase 
and four times the normal mean at 48 hours. 


Fig. 5—Imprint of the 
femur marrow of the 
normal rat. This field was 
chosen to illustrate mor- 
phology of a normal re- 
ticuloendothelial cell; 
reduced about 7% from 


magnification & 842, 
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Fig. 4.—Imprint of the 
lymph node of the rat, 24 
hours after one injection 
of pentane. Marked pro- 
liferation of plasmacytes, 
concomitant increase of 
lymph-type reticuloendo- 
thelial cells. Many of the 
reticuloendothelial 
are immature, with a fine 
chromatin pattern, deeply 
basophilic cytoplasm, and 
one to three small ortho- 


cells 


chromatic nucleoli; re- 
duced about 
magnification 842. 


7% from 


Plasmacytes remain within normal limits in 
the spleen for the remainder of the study 
through three weeks. Eosinophils, metaru- 
bricytes, and rubricytes are observed inter- 
mittently throughout the study but are not 
significantly increased. 

Lymph Node.—The normal mature rat 
lymph node consists of a homogenous pat- 
tern of mature lymphocytes interspersed 
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with an occasional lymph precursor and a 
very rare reticuloendothelial cell. In our 
series of normal rat lymph nodes, mast cells, 
plasmacytes, eosinophils and basophils are 
not observed (Fig. 3). As early as one 
hour after a single injection of pentane, 
numerous plasmacytes and an_ occasional 
macrophage were noted. This general pic- 
ture persisted up to 16 hours. At this in- 
terval, a marked increase of plasmacytes 
and proplasmacytes occurred, with a con- 
comitant increase of lymph-type reticulo- 
endothelial cells (Fig. 4). Many of the 
reticuloendothelial cells were immature, 
with a fine chromatin pattern, deeply baso- 
philic cytoplasm, and one to three small 
orthochromatic nucleoli. In addition to the 
general picture at 16 hours, numerous mast 
cells were observed at 20 and 24 hours. The 
lymph node, one week after a single injec- 
tion of pentane, revealed a marked number 
of mature macrophages with an occasional 
eosinophil. A rare plasmacyte and eosinophil 
and numerous macrophages persist at the 
termination of this study, three weeks after 
a single injection of pentane. 


Time, Hr. 


Marrow.—Femur marrow of the normal 
mature rat reveals a highly cellular content, 
with nucleated erythrocytes, neutrophils, 
and lymphocytes comprising the major cell 
series. An occasional eosinophil is noted, 
but other normal marrow constituents are 
relatively sparse. Basophils, monocytes, 
reticuloendothelial cells, plasmacytes, mi- 
totic cells, and mast cells in toto make up 
only approximately 6% of the entire mar- 
row-cell population. Megakaryocytes are 
abundantly distributed throughout the mar- 
row, and a rare megakaryocyte precursor 
is observed. The normal reticulum cell of 
the marrow is approximately 12” to 15y 
in size with a vesicular chromatin pattern 
of the nucleus, which occupies most of the 
cell volume. A small nucleoli is usually 
present which stains orthochromatically 
(Fig. 5). The cytoplasm is basophilic and 
usually lacks granulation when stained with 
Wright’s or Giemsa’s stain. Normal values 
for the mature rat marrow are given in the 
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Comparison of the Femur Marrow Response to a Single Injection of Pentane and CCl, in the Mature Long-Evans Rat 
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Fig. 6.—Imprint of the 

femur marrow of the rat, 

20 hours after one injec- 

tion of pentane. Mitotic 

cells are increased; in- 

crease in basophiles and 

ts reticuloendothelial cells ; 

ee reduced about 10% from 
magnification 842. 


One hour after an injection of pentane, 
an increase of reticuloendothelial cells to 
double the normal value with an occasional 
immature form is noted. Other series re- 
main within normal limits. 

Mitotic cells, excluding mitosis of the 
erythrocytic series, are increased from 2 
hours through one week, reaching a peak 
at 16 hours after a single injection of pen- 
tane. Basophils are increased from 2 hours 


w 


Binucleated R-E 
Polyploid Reticuloendothelialt 


Giant -cell 
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through 24 hours, in general, with a fluctua- 
tion of the values to above two times the 


upper limits of normal. Plasmacytes do not 
show an increased proliferation in the mar- 
row (Fig. 6). 

The total number of nucleated erythro- 
cytes remains in the upper normal range. 
However, cells of reticuloendothelial origin 
are at one week five times and at three 
weeks two times the normal value. 


Fig. 7—Imprint of the 
femur marrow of the rat, 
24 hours after one injec- 
tion of pentane. Giant 
cells, 304-35, in size, with 
a horseshoe-shaped or 
polyploid vesicular nu- 
cleus, lacking nucleoli, in 
a deeply basophilic cyto- 
plasm, and some binucle- 
ated reticuloendothelial 
cells are present; reduced 
about 10% from magnifi- 

4 cation 842. 


81/157 


4 
ae 
| 
a 
crs 
Prorubricyte 
3 
R-E 
7 
lag 


A, M. A. ARCHIVES OF INDUSTRIAL HEALTH 


The morphologic characteristics of the 
reticuloendothelial cell remained within nor- 
mal boundaries in general. 
immature 


An occasional 
reticuloendothelial cell was ob- 
served with a fine chromatin pattern and 
three to four small orthochromatic nucleoli. 

A very rare foreign-body-type giant cell 
was observed, beginning at 20 hours, in the 
marrow. These cells were 30u to 35y in 
size, with a horseshoe-shaped or polyploid 
vesicular nucleus, lacking nucleoli, in a 
deeply basophilic cytoplasm (Fig. 7). Al- 
though mast cells are very rarely observed 
in the normal marrow, an occasional mast 
cell is present throughout the marrow from 
four hours through one week. 

At four hours after an injection of pen- 
tane, increased numbers of promegakaryo- 
cytes are observed, and at 12 hours atypical 
megakaryocytes are numerous. Platelet 
production is poor in many, and a narrow 
hyaline foamy periphery is observed in ap- 
proximately 25% to 30% of all megakaryo- 
cytes (Fig. 8). At three weeks, atypical 
forms have disappeared and the marrow is 
entirely normal. 

significant decrease of neutrophilic 
band cells through the myelocytic stage of 
82/158 


Fig. 8—Imprint of the 
femur marrow of the rat, 
24 hours after one in- 
jection of pentane. An 
increased number of pro- 
megakaryocytes is ob- 
served; at 24 hours 
atypical megakaryocytes 
are numerous. Platelet 
production is poor in 
many, and a narrow hya- 
line foamy periphery is 
observed in approximately 
25%-30% of all mega- 
karyocytes; 842. 


maturation occurs from 4 hours through the 
10-hour observation. Concomitantly, values 
for progranulocytes and granuloblasts rise 
to above normal limits at 4 hours and fluc- 
tuate mildly, reaching a peak at 72 hours 
and returning to normal values one week 
after a single injection of pentane. 


Comment 


A correlation of the hematological find- 
ings, after a single minimal injection of 
pentane and carbon tetrachloride! reveals 
both similarities and striking differences in 
the response mechanism. 

The femur marrow of the pentane-treated 
rat shows a diminution of myelopoiesis of 
the neutrophilic and eosinophilic series in 
the early hours, while, in contrast, the car- 
bon tetrachloride-treated rat shows an in- 
crease rather than a decrease of these cell 
series. Both studies reveal an early baso- 
philia which returns to normal limits earlier 
in the carbon tetrachloride-treated. marrow. 
Plasmacytes remain within normal limits in 
the marrow of the pentane-treated rat, 
whereas this cell series is increased in the 
carbon tetrachloride-treated rat. The num- 
ber of mitoses in the marrow of the pen- 
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tane-treated rat is higher during the latter 
half of the experiment. Values for reticu- 
loendothelial response in the marrow are 
lower for the pentane-treated rat, except at 
one week, when a strikingly higher response 
is noted. Erythropoiesis and the production 
of granuloblasts and progranulocytes are 
similar, except at the four-hour interval. 
No striking difference in the production of 
hemosiderin in the marrow is demonstrated; 
however, in general, the carbon tetrachlo- 
ride-treated rat has a slightly greater 
amount of iron storage in the marrow. The 
early pathology of the megakaryocytes in 
the pentane-treated marrow was not demon- 
strated in the carbon tetrachloride-treated 
marrow. 

Although a great increase of pulp cells 
was present in the spleen of the pentane- 
treated rat, no syncytiums of pulp cells 
were observed. Syncytiums were observed 
in the spleen of carbon tetrachloride-treated 
rats. The response to both toxins in the 
thymus and lymph node was similar. 


Summary 


The effect of a single minimal injection 
of pentane was observed in the rat marrow, 
spleen, lymph node, thymus, and peripheral 
blood. The experiment demonstrated that 
the reticuloendothelial response persisted 
in the marrow, spleen, and lymph node at 
termination, three weeks later. 

Blood.—A_ moderate neutropenia, to- 
gether with a moderate monocytosis, per- 
sists throughout the three-week observation 
period. 

Liver—Liver imprints do not deviate 
from the normal cytological characteristics. 

Thymus.—Reticuloendothelial cells are 
not increased; occasional macrophages and 
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a rare plasmacyte are present in the early 
periods. 

Spleen—Plasmacytes are only increased 
throughout the first 48-hour period. An 
increase of cells of reticuloendothelial origin 
is already evident 30 minutes after one 
single injection of pentane. The total num- 
ber of reticuloendothelial cells is 10 to 12 
times the normal value during the experi- 
mental period. 

Lymph Node.—The imprints evidenced 
a marked increase of plasmacytes, proplas- 
macytes, mature macrophages, with a 
concomitant increase of lymph type reticu- 
loendothelial cells. 

Bone Marrow.—Cells of reticuloendothe- 
lial origin increase in numbers twofold 
over the normal mean value even at one 
hour after an injection of pentane. They 
appear in augmented numbers throughout 
the experimental period (three weeks), 
reach the peak at one week, and at the ter- 
mination of the experiment are twofold the 
normal value. Although this numerical 
change occurs, there is no evidence of mor- 
phological change of boundaries or charac- 
teristics. 

In the early intervals, promegakaryocytes, 
together with atypical megakaryocytes and 
a very rare foreign-body giant cell as well 
as an occasional mast cell, are observed. 


Mr. Dean C. Altman, Head of the Illustrations 
Department, Veterans Administration Hospital, 
prepared the photomicrographs. 


Veterans Administration Hospital, Sam Jackson 
Park (7). 
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Nodular Muscular Hyperplasia in the Lungs of 


South African Miners 


Cc. B. CHATGIDAKIS, M.B., Ch.B., D.T.M. and H., D.P.H. (Rand), Johannesburg, South Africa 


Smooth muscle, in the normal lung, is con- 
fined to the walls of blood and lymphatic 
vessels, the bronchi, bronchioles, and alveolar 
ducts. There is no smooth muscle in the 
pleura or interstitial tissue of human lungs 
under normal conditions (Miller) von 
Hayek *), so that if one excludes the case 
described by Baltisberger,? which has been 
adequately criticized by Engel,* the appear- 
ance of smooth muscle in these situations in 
the lung is a pathological entity. The con- 
dition has been termed “muscular hyper- 
plasia,” “ 
or “pulmonary myomatosis’” and was first 
described by von Buhl,® in 1872, in a honey- 
comb cystic lung. Similar idiopathic cases of 
cystic lung with diffuse muscular hyperplasia 


muscular cirrhosis of the lungs,” 
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This work was done in the laboratories of the 
Pneumoconiosis Research Unit of the South Afri- 
can Council for Scientific Research, which gave 
permission to publish this paper. 


have been reported by von Stossel,® Rosen- 
dal,7 Siebert and Fisher,’ Rubenstein et al.,® 
Sanderud,’ and Sloper and Williams."! The 
condition has also been observed in associa- 
tion with tuberous ( Vejlens,!” 
Dawson,!* Oswald and Parkinson in as- 
sociation with congenital lymphangiectasis 
(Laurence }°), with a chondromatous hamar- 
toma (Cruickshank and Harrison ™), in 
rheumatic carditis (Engel*), in chronic 
pneumonias (Rosendal,? Liebow et al.!), 
organizing lobar pneumonias (Bowden 
bronchiectasis (Bowden 78), and in brown 
induration of the lung with tuberculosis 
(Harkavy ®). In addition, Heppleston 
described the condition in 66 adult cases of 
honeycomb lung, 32 of whom were coal 
miners. Laipply and Sherrick*! described 
two cases of chylothorax in which there 
was diffuse proliferation of smooth muscle 
throughout the lungs; in the walls of lym- 
phatics, bronchi, and in the pulmonary 


sclerosis 


Fig. 1—Section of a 
nodule in the lung show- 
ing muscle fibers run- 
ning in all directions and 
foci of dust deposition 
amongst the fibers. X 60. 
(Illustration reduced 
about 45% from 
nal size.) 
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Fig. 2.—Section of a 
subpleural nodule in the 
lung showing irregularly 
arranged muscle bundles. 
60. (Illustration re- 
duced about 45% from 
original size.) 


interstitial tissue; in the mediastinal fibro- 
adipose tissue, bronchopulmonary lymph 
glands, and mediastinal lymph glands. In 
some sites the hyperplastic smooth muscle 
and vascular channels formed tumor-like 
nodules. This proliferation and hypertrophy 
of smooth muscle was considered by the 
authors to be secondary to lymphatic ob- 
struction. 

The object of this paper is to report on 
what appears to be an unduly high incidence 
of focal muscular hyperplasia in miners’ 
lungs. These focal lesions produce nodules 
in the lung, and dust is deposited in the 
lesions. 


Material Studied 


The Pneumoconiosis Research Unit in Johannes- 
burg examines the cardiorespiratory organs of 
about 60 dead miners per week for an assessment 
of the degree of pneumoconiosis present. They 
include white and nonwhite gold and coal miners 
with varying lengths of underground service and 
varying degrees of silicosis or coal worker’s pneu- 
moconiosis. About 75% of these miners are non- 
white. During a period of five months, 30 cases 
of nodular muscular hyperplasia of the lungs were 
observed, 26 of these were in nonwhite miners. 
Most of these cases were gold miners (26), the 
remainder were coal miners. 


Macroscopic Appearance of the Nodules 

The lesions appear as black palpable nodules 
1-4 mm. in diameter, round or oval in shape, and 
firm to hard in consistency. They occur in any 
part of the lung but are fairly frequent in the 
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basal lobes and have been observed subpleurally. 
They can easily be confused with pigmented sili- 
cotic islets in the lung. They may be few to 
many. No constant relationship to blood vessels, 
bronchi, or bronchioles has been observed.. The 
lung tissue surrounding the nodule shows no ab- 
normality. 


Histology 


The nodules are composed of smooth muscle 
fibers arranged in bundles with varying amounts 
of collagen between the muscle bundles. The mus- 
cle bundles vary in thickness and run in all di- 
rections, being cut transversely, obliquely, and 
longitudinally. The outline of the lesion is usually 
irregular. Dust is present in varying amounts, 
some of the lesions being heavily pigmented. The 
dust lies in masses between muscle bundles and 
appears extracellular (Figs. 1, 2, and 3). Some 
lesions show numerous endothelial-lined spaces con- 
taining either red blood cells or serum and a few 
lymphocytes. Occasionally a small respiratory 
bronchiole runs through the fibromuscular mass. 
In some lesions reticuloendothelial cells are evenly 
distributed throughout the lesion. No elastic tissue 
is present in the lesion. Silicotic collagenization 
occurs in the center of some of the lesions, while 
the muscle fibers persist on the periphery. No in- 
crease of muscle is found in the blood vessels, 
bronchi, or bronchioles. Serial sections of the 
lesions show no definite relationship to blood ves- 
sels or bronchi. 


Identification of Muscle Component 


Characterization of the muscle component was 
achieved by the use of the following special stain- 
ing techniques: Masson’s trichrome method,” 
Peers’ modification of Mallory’s phosphotungstic 
acid-hemotoxylin,™ lissamine-fast Red B.S. (Len- 
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Fig. 3—High-power 
view of the muscle fibers 
and dust in the nodules 
in the lung. & 450. (II- 
lustration reduced about 
45% from original size.) 


drum“). In all cases the muscle fibers showed 
specific staining for smooth muscle according to 
the technique used. In addition, fluorescence studies 
were carried out with use of cardiac muscle and 
skeletal muscle as positive controls. The smooth 
muscle in the blood vessels and bronchi of the 
lung were used as positive smooth muscle controls. 
Magdala red (1/1,000) at pH 6.27 and acridine 
orange (1/1,000) at pH 6.00 gave in all positive 
controls and in the muscle fibers of the nodules 
a bright golden-yellow fluorescence; collagen 
fluoresced a brilliant green-blue color. In view 
of the positive staining results and the fluorescent 


Fig. 4—X-ray photograph of the lungs of the 
case of widespread nodular muscular hyperplasia. 


studies, the presence of smooth muscle in the 
nodules was regarded as established. 


Comment 


Nodular muscular hyperplasia of the lungs 
appears to be unduly common in the South 
African miner. Since I became aware of 
the lesion, hardly a week passes when one 
or two new cases are not observed. The 
lesions may be confused with foci of silicotic 
collangenization unless differential stains are 
used, particularly when the lesion is heavily 
pigmented with dust. In this connection I 
would like to quote a case. This was a non- 
white gold miner, aged 54 years, with five 
and one-half years service underground. X- 
ray examination of the lungs showed mul- 
tiple small, well-localized nodules widely 
scattered throughout both lung fields (Fig. 
4). He was diagnosed as suffering from 
silicosis in the first stage. The autopsy was 
not performed in this Unit, and no cause of 
death was sent in with the lungs. Macro- 
scopic examination of the lungs showed the 
presence of fibrosed root glands and nu- 
merous small, palpable pigmented nodules 
scattered throughout both lungs. These were 
macroscopically very suggestive of nodular 
silicosis. On histological examination the 
palpable nodules showed the presence of 
smooth muscle, collagen, and dust scattered 
between the fibers but no evidence of silicotic 
collagenization. 
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The significance of the muscle nodules re- 
mains to be determined. The frequency in 
miners suggests an etiological relationship to 
dust exposure; if so, the mechanism is 
obscure. The possibility of the origin of the 
smooth muscle in metaplasia cannot be sup- 
ported at this stage. The nodules must arise 
by hyperplasia of existing smooth muscle, 
but as yet no constant relationship to bronchi, 
bronchioles, and blood vessels has been ob- 
served in serial sections. Normal lymphatic 
vessels are rarely, if ever, seen in the lung 
on routine histological examination. The 
presence of dust (carbon and silica) in the 
lesions suggests, however, a close relation- 
ship to lymphatics. Laipply and Sherrick *! 
regarded lymphatic obstruction as important 
in the etiology of muscular hyperplasia in 
their cases of chylothorax, and Laurence 
has reported muscular hyperplasia in the 
lung in association with congenital lym- 
phangiectasis. The possibility of obstructed 
hypertrophied lymphatic vessels proving the 
source of the nodular muscular hyperplasia 
in the lungs of these miners cannot be 
ignored. 


Summary 


The presence of an unduly high incidence 
of nodular muscular hyperplasia in the lungs 
of South African miners has been reported. 

The significance of this phenomenon is not 
clear, but an etiological relationship to dust 
exposure is suggested. 

The origin of the smooth muscle has not 
been determined with certainty, but the 
features suggest a close relationship to 
lymphatic vessels. 

Nodular muscular hyperplasia may be con- 
fused radiologically and at a postmortem ex- 
amination with a true silicosis. 

No increase in muscle of the bronchi, 
bronchioles, and blood vessels is found in 
these cases. 

Dr. B. Goldstein and Dr. I. Prinsloo assisted 
in the callectien of these cases. 


Pneumoconiosis Research Unit, Council for Sci- 
entific and Industrial Research. 


Chatgidakis 
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News and Comment 


The British Occupational Hygiene Society Symposium on Inhaled Particles and 
Vapors.—The International Symposium on Inhaled Particles and Vapors, to be held at 
Oxford, England, March 29-April 1, 1960, organized by The British Occupational Hygiene 
Society, will be concerned with the physical, chemical, and physiological factors governing 
the entry of harmful substances into the body via the respiratory system. 

The subjects of the Symposium have a bearing on many hygiene problems, including 
silicosis, asbestosis, and the other pneumoconioses, and on the damage to health produced 
by smog, tobacco smoke, radioactive gases and dusts, air-borne bacteria, and toxic vapors. 
The Society believes that the Symposium will meet a real need in providing an opportunity 
for the comprehensive discussion of recent research in this field and that the published pro- 
ceedings will be of value not only to research workers but also to those concerned with the 
practical problems of establishing and maintaining safe environments. 

The main language of the Symposium will be English, but papers may be accepted in 
French or German. It is hoped to provide interpretation in English, French, and German 
during the discussions. Papers submitted will be subject to scrutiny by the Society’s Honorary 
Editor, Dr. C. N. Davies, assisted by a panel of referees. 

A registration fee of £4 (£3 to Members of The British Occupational Hygiene Society) 
will be charged to all attending the Symposium, which will entitle them to receive the de- 
tailed program with preprints of the contributions, to participate in the meetings, and to 
purchase a copy of the published Proceedings at a reduced price. A number of social functions 
will be arranged. Accommodation for 200 has been arranged in Balliol College, Oxford. 
Information about hotels in and around Oxford will be sent to those requesting it. 

As the numbers attending must be limited to 250 those who wish to attend are advised 
to notify their intention as soon as possible. Further details with the final program and regis- 
tration form will be sent to those who express their wish to receive them by sending a 
card as soon as possible to Dr. J. S. McLintock, Medical Service, National Coal Board, 
Hobart House, London, S.W. 1. 


Provisional Program 
It is expected that the following papers will be presented. 


Title Author Address 
Anatomy and Physiology of the Respiratory Tract.— 


Particle Intake through the Nose Under GABRIELLE ASSET Chemical Warfare Laboratories 
Different Conditions Maryland, U.S.A. 
Observations on Alveolar Ventilation in Re- C. LEPINE Institut Lavoisier, Montreal, 
sponse to Dusty Atmosphere Canada 
Alveolar Mucoid and Its Interaction with R. E. PAtrLe Chemical Defense Experimental 
Inhaled Matter Establishment, Porton, 
Great Britain 
Pattern of Airflow in the Respiratory Tract L. SILVERMAN Harvard School of Public 
Health, U.S.A. 
Anatomy and Physiology of the Respiratory J.B. West Postgraduate Medical School, 
Tract London, Great Britain 


Distribution and Retention of Particles and Vapors in the Respiratory Tract— 


i. Particles: 


Role of Mechanical Mixing of Intrapul- B. ALTSHULER Institute of Industrial Medicine, 
monary Gas Flow in the Deposition of New York University, U.S.A. 
Aerosol in Respiratory Tract 

Deposition, Retention, Translocation, and W. J. Bair General Electric Co., 
Excretion of Radioactive Particles Richland, Wash., U.S.A. 

Fiber Size Distribution in the Lungs of As- J. Beattie Queens College, Cambridge, 


bestos Workers Great Britain 
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Human Retention from Single Inhalations 
of Bacillus subtilis Spore Aerosols 


The Uptake, Distribution, and Retention of 
Inhaled Fission Products by Animals Ex- 
posed to Various Types of Simulants of 
Fallout from Nuclear Detonation 

Physical Behavior of Aerosols in the Re- 
spiratory System 

Observations on Aerosols—Agglomeration, 
Electrostatic Effects, Droplet Formation, 
and Other Aspects Related to Inhaled 
Dusts and Vapors 

Physical Aspects of Radioactive Dusts in 
Relation to Health 


An Experimental Study of the Deposition 
and Fate of Inhaled Particles 


Size Distribution of Dust in Lungs in Pneu- 
moconiosis 


The Active Agent and the Size of the Dust 
Particles Responsible for Byssinosis 

Inhalation, Retention, and Elimination of 
Dusts from Dogs’ and Rats’ Lungs with 
Special Reference to the Alveolar Phago- 
cytes and Bronchial Epithelium 

Particles Deposited in the Respiratory Sys- 
tem 


Retention of Submicron Particles in the 
Human Respiratory Tract 


ii. Vapors: 

Absorption of Inhaled Vapors in Various 
Parts of the Respiratory System: Varia- 
tion in Distribution with Vapor Solubility 
and Changes in Respiratory Flow Rate; 
Significance of the Distribution 

Respiratory Uptake of Vapors and Gases in 
Relation to Cardiopulmonary Performance 


C. E. Brown 


S. H. 


C. N. Davies 


H. F. JOHNSTONE 


J. LABEYRIE 
P. E. Morrow 
L. J. CASARETT 


G. NAGELSCH MIDT 
J. CARTWRIGHT 


S. A. Roacu 


SCHILLER 


F. J. StRECKER 
H. J. Ernpropr 


W. WALKENHORST 


M. AINSWworRTH 


T. F. Hatcu 


Elimination of Material from the Respiratory Tract.— 


Further Studies on the Transport of Inhaled 
Particules in the Early Postexposure 
Period 

Disposal of Dust by the Lungs 


Dust Elimination from the Lungs—Animal 
Experiments 


Synergistic Effects of Aerosols : Lung Clear- 
ance Following Exposure to Mixtures 
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A. G. HEPPLESTON 


W. KLOSTERKOTTER 


C. E. LABELLE 
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U.S. Army Biological Warfare 
Laboratories, 

Fort Detrick, U.S.A. 
Brookhaven National 
Laboratory, L.I., N.Y., U.S.A. 


The London School of Hygiene, 
Great Britain 

University of Illinois, 

Urbana, IIl., U.S.A. 


Service D’Electronique 
Physique, Gif-sur-Yvette, 
France 

Department of Radiation 
Biology, University of 
Rochester, U.S.A. 

Safety in Mines Research 
Establishment, Sheffield, 
Great Britain 

London School of Hygiene, 
Great Britain 
Homberg/Niederrhein, 
Germany 


Max-Planck-Gesellschaft zur 
Forderung der Wissenschaften, 
Gottingen, Germany 

Silikose Forschunginstitut der 
Bergbau-Berufsgenossenschaft, 
Bochum, Germany 


Chemical Defence Experimental 
Establishment, Porton, 
Great Britain 


Graduate School of Public 
Health, University of 
Pittsburgh, U.S.A. 


Jefferson Medical College, 
Philadelphia, U.S.A. 


Welsh National School of 
Medicine, Cardiff, 

Great Britain 

Staatsinstitut fiir Staublungen- 
forschung und Gewerbehygiene, 
Minster, Germany 

Department of Preventive 
Medicine, Jefferson Medical 
College, U.S.A. 
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Quantitative Study of Lung Clearance in 
the Rat: Comparison Between Inert and 
Toxic Dusts 


Complementary Studies of Pulmonary Elim- 
ination by the Rat of Inert, Noxious, and 
Mixed Dusts 


The Effect of Aerosols on the Response to 
Irritant Gases 
The Asbestosis Body 


Biological Effects of Air-borne Ions on 
Laboratory Animals 


The Physics of Aerosols in the Submicron 
Range 


Relation of Size and Composition of Dust 
to Experimentally Produced Pneumoconi- 
osis 

Inhalation of Polluted Urban Air 


Combustion Products, Upper Respiratory 
Tract Injury Due to Hot Gases, Damages 
Due to Irritant Components, Blockage of 
Respiratory Airways by Smoke-Damage 
to Pulmonary Capillaries by NOs, etc. 


The Selective Sampling of Respirable Dust 


Sampling Techniques Simulating Respiratory Retention.— 


L. Le BOUFFANT 


A. PoLicarRD 
J. CHARBONNIER 
A. CoLLet 


Reactions with the Respiratory Tract Arising from the Presence of Particles and Vapors — 


Mary O. AMbuR 
J. Beattie 


D. A. FRASER 


A. Goetz 


E. J. Kine 


P. J. LAWTHER 
R. E. WALLER 


R. E. PATTLe 


W. H. WALTON 
R. J. HAMILTON 


Centre d’Etudes et de 
Recherches des Charbonnages 
de France, Verneuil-en-Halatte, 
France 

Centre d’Etudes et de 
Recherches des Charbonnages 
de France, Verneuil-en-Halatte, 
France 


Harvard School of Public 
Health, U.S.A. 

Queens College, Cambridge, 
Great Britain 

Toxicologic Services, Depart- 
ment of Health, Education, 
and Welfare, Occupational 
Health Field Headquarters, 
Ohio, U.S.A. 

California Institute of 
Technology, Pasadena, 
Calif., U.S.A. 

Postgraduate Medical School, 
London, Great Britain 


Group for Research on Atmos- 
pheric Pollution, St. Bartholo- 
mew’s Hospital, London, 
Great Britain 

Chemical Defence Experimental 
Establishment, Porton, 

Great Britain. 


Mining Research Establishment, 
Isleworth, Great Britain 


Some additional papers have been promised, but their exact titles are not yet available. 
Consideration can still be given to further papers particularly on subjects for which contribu- 
tions are not very numerous. 

Offers of additional papers should be sent to the Chairman of the Organizing Committee: 
Mr. W. H. Watton, Mining Research Establishment, Worton HALL, Worton Roap, IsLe- 
worTtH, MrppLesex, GREAT BRITAIN. 

All manuscripts should be in the hands of the Editor, Dr. C. N. Davies, London School 
of Hygiene, Kepret Street, Lonpon, W.1., Great Britain, by Sept. 30, 1959. 

Enquiries concerning membership of the British Occupational Hygiene Society should be 
addressed to the Secretary, Mr. P. C. G. Isaac, Public Health Engineering Laboratory, 
King’s College, Newcastle upon Tyne. 
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Textbook of Toxicology. By Kenneth P. DuBois, M.Sc., Ph.D., and E. M. K. Geiling, 
Ph.D., M.D. Price, $6.50. Pp. 302, with 2 illustrations. Oxford University Press, 
417 5th Ave., New York 16, 1959. 

This textbook is intended for a comprehensive course on toxicology, suited primarily to 
medical students and secondarily to graduate and advanced undergraduate biology students. It 
should admirably serve its purpose as a supplement to lectures presenting toxicology as distinct 
from therapy-slanted pharmacology. Toxicological experiment receives only cursory attention. 
The fifteen chapters are devoted to history, general principles, medicolegal aspects, about 100 
selected specific substances and groups of related substances, radiation, and forensic toxicology. 
Each chapter is followed by a list of selected references. Unlike many text books, an index 
is furnished. 

The book presents briefly the aims of industrial toxicology, to discover the harmful potential 
of a chemical before it reaches the public and to select safe ways in which it may be used. It 
stresses the many useful consumer products the abuse of which may result in poisoning, but it 
does not emphasize the distinction between the hazard of use or abuse of substances and their 
inherent toxicity. Failure to make this distinction has resulted in a very curious grouping of 
chemicals in the chapters. Some chapters consider chemicals whose usual entry to the body is 
by inhalation, some consider chemicals grouped by structural similarities, and some grouped 
by categories of consumer uses. In this text there is more attention than usual to laws 
specifically involving toxicology, but the discussion of the Food, Drug and Cosmetic Act ends 
with the Miller Amendment of 1955, not mentioning the Food Additives Amendment of 1958. 

The book perpetuates the myth that poisons, or hazardous chemicals, are a distinct de- 
finable class of substances. It neglects the axiom that any substance contacted or absorbed in 
excess will injure and the converse, that there is a tolerated intake of any substance whatever. 
Rather than define toxicology as the science of poisons, it would be better to say, “Toxicology 


is the science which deals with the injurious effects which untolerated amounts of any substance 
may exert upon man and other animals. It characterizes the effects and defines the amounts 
producing them.” The authors recognize this principle, for while discussing pesticides on page 
217, they warn the future physician, “In order for poisoning to occur, the compound must be 
used in such a way as to permit excessive absorption.” 


Few misprints and errors were found. On page 8 “Aconite” appears as “Acomte.” On page 
51 it is stated that atmospheric concentrations of contaminants are usually expressed in milli- 
grams per cubic meter, but later maximum allowable concentrations are cited and tabulated in 
units of parts per million, with no description of this often misunderstood unit. There is no 
mention of who sets M.A.C. values, no date is shown for those tabulated, nor is it pointed out 
that factors other than toxicity are the basis for some. Industrial toxicologists will disagree 
with the statement that the intravenous route is usually applied for measurement of acute 
toxicity. PAM as an antidote reversing the action of cholinesterase inhibitors is mentioned in 
the chapter on insecticides, but earlier in the discussions of DFP and Sarin, PAM is not 
mentioned and the symptomatic antidote atropine is said to be the best treatment available. 
Beryllium is no longer used in fluorescent lights, and loss of hair from thallium poisoning is 
not mentioned. 


H. F. Smytu Jr. 


Clinical Dermatology. By H. M. Robinson Jr., B.S., M.D., and R. C. V. Robinson, B.S., 
M.D., M.Sc. (Med.). Price, $8.50. Pp. 242, with 117 illustrations. The Williams & 
Wilkins Company, Mount Royal & Guilford Aves., Baltimore 2, 1959. 


This book was prepared mainly as a primer in dermatologic diagnosis for the medical 
student and the practitioner and as such performs a very worthwhile function. The many 
illustrations provide excellent examples of the commonest skin diseases and are well chosen so 
as to orient the reader. All the dermatologic disorders commonly encountered are presented in 
systematic fashion, and the descriptions of each disease entity are concise and full. Special at- 
tention is given to diagnostic aids, the relationship of cutaneous lesions to systemic disease, and 
suggestions for treatment. A chapter listing Differential Diagnosis Charts is especially well 
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prepared and provides a ready reference for the practitioner or intern. Inasmuch as the text, 
exclusive of index, contains 228 pages, it is necessarily limited in its scope, for other skin 
treatises run to 1,500-1,600 pages. Therein lies its value to the beginner in dermatology! The 
occupational physician, however, would be surprised to find only two pages devoted to the 
important subject of occupational dermatoses. 

Gerorce Morris, M.D. 


Modern Dermatologic Therapy. Edited by Thomas H. Sternberg and Victor D. New- 
comer. Price, $10. Pp. 520, with 32 illustrations. The Blakiston Company (division 
of McGraw-Hill Book Company, Inc.), 330 W 42d St., New York 36, 1959. 

Any book on dermatologic therapy is apt to be out of date by the time it is published, but 
this one does not fall into that category. Each chapter has been written by a different author, 
well-versed on the subject to which he was assigned, and the entire publication represents the 
outgrowth of a series of lectures sponsored by the Division of Postgraduate Medical Educa- 
tion, School of Medicine, University of California at Los Angeles. 

Treatment of many of the common and some of the uncommon dermatoses is covered in 
detail, and numerous tables furnish worthwhile information regarding differential diagnoses. 

The industrial physician would be most interested in the chapters on “Hyperpigmentation and 


§ Depigmentation,” “Eczematous Eruptions,” “Occupational Dermatoses,” and “Fungous Infec- 
e tions.” The value of the data given in the chapters on “Emotional Factors in Dermatologic 


Disorders” and “Treatment of Psychocutaneous Disorders by the Dermatologist” is debatable, 
for not all will agree that psychiatric treatment is of value in dermatology. 

The book could have been made more valuable had the editors included more illustrations 
of the skin conditions discussed by the various authors. 

This volume is recommended for the dermatologic specialist, for the general practitioner, 
and for the industrial physician who is interested in the modern treatment of dermatologic 
disorders. 


Georce E. Morris, M.D. 


Laboratory Methods. By J. R. Taylor, W. D. Holland, R. D. MacPhee, and K. H. 
Schoenemann. Price, not given. Pp. 137. Air Pollution Control District, County of 
Los Angeles, 434 S. San Pedro St., Los Angeles 13, 1958. 

This is a 7X9 in. offset-printed loose-leaf manual prepared by the laboratory staff of the 
Air Pollution Control District in Los Angeles. The review copy consists of sixteen specific 
tests and an appendix. Methods are given for acetylene, ether-soluble aerosols, light absorption 
of stains from aerosol deposition, spectrographic metals determination, total aldehydes, ammonia 
and ammonium ion, dustfall, formaidehyde, formic acid, total hydrocarbons, two methods of 
oxides of nitrogen determination, oxides of sulfur, ozone, fluorides, and organic acids. 

The descriptions of procedures are straightforward descriptions of those methods used by the 
District Laboratory for analyzing air pollutants. 


The apparatus sections are limited to describing special equipment of modifications 
(ordinary industrial hygiene laboratory equipment is assumed as available). Standard condi- 
tions as employed by this group are 1 atmosphere and 60 F. In all cases the analytical 
procedures are selected for specificity as well as simplicity, and in most instances because the 
samples are obtained from the outdoor atmosphere the most sensitive procedures possible are 
selected. Although not all air-pollution analysts will agree with the methods selected in each 
case they have largely proved useful in the Los Angeles atmosphere. In some cases these are 
methods which have been used in industrial hygiene analyses. For example, the phenoldisulfonic 
acid method and the Griess-Saltzman method are both given for oxides of nitrogen. 

The appendices include useful equivalents, atomic weights, temperature conversion tables, 
logarithms, and a psychrometric chart. 

Analysts working in the air-pollution field will find this a handy reference for simplified 
procedures which can be employed by less skilled personnel. 


LesLie SILVERMAN 


The Chemistry of Industrial Toxicology. Second edition. By Hervey B. Elkins. Price, 
$11.50. Pp. 452. John Wiley & Sons, Inc., 440 4th Ave., New York 16, 1959. 
The second edition of The Chemistry of Industrial Toxicology is similar in format to the 
first, with an addition of about 46 pages to the text. Chapters on the elements remain as in 
the first edition, with the exception that the radioactive elements are placed in a separate chapter. 
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Additional material is provided on mercury as well as some of the newer work on boron 
compounds, indium, vanadium, arsenic and arsine, antimony and uranium. More information 
is available on the less common metals, such as cobalt. The toxicological text has been 
brought up to date, although the treatment is rather brief as in the original format. 

In the case of inorganic compounds, some information on hydrazine and sulfur penta- 
fluoride has been added. Sulfur hexafluoride, which is being widely used in coaxial cables, is 
not mentioned. However, the M.A.C. for sulfur hexafluoride is included in the Table of 
Allowable Concentrations. The ozone information in this chapter has been brought up to date. 

The chapter on hydrocarbons remains essentially the same, since there has not been much 
of an increase in information in this area. In the chapter on halogen compounds, methyl 
chloroform is now included. However, the author has some reservation about the present 
ACGIH M.A.C. of 500 ppm and recommends half this value. He feels that further needed 
experience should be made available before considering a higher value. This is also ap- 
parently true in the case of trichloroethylene where a M.A.C. of 100 ppm is recommended as 
against the 1958 ACGIH value of 200 ppm. As in the first edition, he does not believe that 
European trichloroethylene contains more toxic impurities and argues that long exposure to 
excessive concentrations are more frequent in Europe. More damage may result from greater 
time of exposure. However, it is my understanding that the European value is based on the 
influence of higher concentrations on reflex action or reaction time. This convinced the 
European investigators to lower the value to less than 100 ppm. These comments are contained 
in the first edition and were repeated in the second, even though more European information 
has accumulated during the interim. 

Additional information is available on the chlorobenzenes and other chlorinated compounds, 
such as chlorodane and dieldrin insecticides. 

In the chapter dealing with organic nitrogen, sulfur, phosphorus, and silicon compounds, 
information on the toxicology of trimethylenetrinitroamine (RDX) is included and there is 
some information on chloropicrin, methyl hydrazine and ethylene diamine compounds, 
aminodiphenyl, and anilinoethanol. Several other nitrogen compounds have been added, and in 
the phosphate group more information has been added on the newer insecticides. 

Chapter 12, dealing with radioactive isotopes, is new and includes a description of the 
naturally occurring radioactive elements and their properties as well as permissible concen- 
trations of isotopes. It is fortunate that this chapter is not already out of date by the is- 
suance of NBS Handbook 69 which just appeared, since Dr. Elkins was able to obtain values 
from K. Z. Morgan which conform to the newer values. 

The chapter on M.A.C.’s presents the 1957 ACGIH values and compares them with 1952 ICI, 
the author’s, and H. F. Smyth’s comments. 

The chapter on air-sampling instruments has been brought up to date, and the analytical 
methods have been revised to include improved methods. In several cases the ACGIH recom- 
mended method is now given. Methods are now included for plutonium, radium, strontium, 
uranium, and vanadium in urine. A method is also given for toluene diisocyanate in air. 

This new edition, with its new material, will be a useful addition to the industrial hygiene 
library, since it gives concise and specific procedures. In some cases referencing could be 
improved, but this is a minor factor. 

SILVERMAN 


French Symposium on Pathology in Mining Industry (Meeting of Oct. 23-24, 1958). 
By P. Maurin, J. J. Jarry, Paul Cartier, P. Razemon, A. Marmet, E. Vigliani, 
B. Pernis, G. Mottura, C. Claeys, S. Ishinishi, H. Antweiler, G. A. Voisin, M. Gaultier, 
et al. Price, not given. Pp. 368, with 13 pictures, 21 x-rays, and 13 slides. Charbon- 

nages de France, Boite Postale 396.08, Paris 8™°, France, 1959. 

This hetrogeneous group of papers was presented to a medical symposium organized by 
the Charbonages de France on Oct. 23 and 24, 1958. The subjects, covered on a high pro- 
fessional level, include accident investigations, rehabilitation, coal-mining mechanization, chest 
surgery complicated by pneumoconiosis and silicosis, and the immunological approach to the 
pathogenesis of silicosis. 

1. Psychosomatic Considerations in Individuals Predisposed to Accidents: Dr. P. Maurin. 

2. Psychological and Neuropsychiatric Problems in the Readjustment of the Injured 
Worker: Dr. P. Maurin. The papers outline a comprehensive medical approach to accident 
prevention and readjustment of the injured worker. 
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3. Changes in Working Conditions in French Coal Mines and the Result on Industrial 
Medicine: Dr. J. J. Jarry, Dr. P. Foubert, Dr. P. Nadiras, G. D. Hasson, J. Decherf, and 
E. Quinot. This paper details the dramatic modernization and mechanization of French coal 
mines in the period from 1946 to 1957 which has resulted in great improvements in working 
conditions, mine safety, illumination, dust control, and over-all efficiency. The only problem 
introduced by the modernization appears to be an increase in noise levels and the accompanying 
industrial deafness. 

4. Chest Surgery in Tuberculosis of Coal Miners Accompanied by Pneumoconiosis: Prof. 
Razemon, Dr. E. Balgaries, and Dr. P. Nadiras. This paper reports the results of 30 lung 
operations as favorable, considering the serious condition of the patients. Twenty-one x-rays 
are shown before and after tubercular lesions were removed. 

5. Chest Surgery in Tuberculosis of Coal Miners Accompanied by Silicosis and Anthracosis : 
A. Marmet and P. Petit. Although the operation is difficult and delicate, the results are favor- 
able compared to the medical treatment. This report covers 42 tubercular cases with anthracosis 
and 11 with silicosis. 

6. The Immunological Approach to Silicosis: Prof. E. Vigliani and Dr. B. Pernis. 

7. Some Nonspecific Immunological Reactions of Silica: Dr. B. Pernis. 

8. Morphological Contributions to Immunological Approach to the Pathogenisis of Silicosis: 
Prof. G. Mottura and Dr. F. Levis. 

9. Immunological Investigations on the Pathology of Silicosis: C. Claeys and E. Quinot. 

10. The Process of Formation of Silicotic Nodules in a Hypersensitive Rabbit by Rock 
Crystal: Prof. Ishinishi and Dr. T. Miyazaki. 

11. Mastocytes and the Experimental Injection of Silica: Dr. A. Antweiler. 

The papers indicate that the pathogenesis of silicosis does not have a simple chemical, 
physical, mineralogical, or morphological explanation. Although there is more work in prog- 
ress, the various authors believe that the development of silicosis involves a complex patho- 
logical situation which is best explained by the immunological approach. 


The paper by Vigliani and Pernis appears in substantially the same form in English in the 
Journal of Occupational Medicine (1:319-328 [June 1] 1959). 
M. PIERcE 


The National Industrial Conference Board Reports on Company Medical and Health 
Programs (Revised). By Doris M. Thompson. Studies in Personal Policy, No. 171. 
National Industrial Conference Board, Inc., 460 Park Ave., New York 22, 1959. 

The Report covers these subjects in considerable details: Why a Company Health Pro- 
gram?; Setting Basic Policy; The Scope of Services; Who Provides the Service; The 

Medical Unit in the Organization; The Physical Layout and Equipment. It is written for 

management executives. 


The information for this report was obtained by mail questionaire from 36 Canadian and 
242 U.S. firms which have company-operated medical and health programs. Examples to 
illustrate the main points of discussion are selected from leading industrial organizations. If 
good salesmanship is believing the evidence and being sold is being convinced the evidence 
presented is true, this publication should achieve success, once digested. It is one of the most 
lucid, concise, complete coverages of company medical and health programs presented under 
one cover. The physician-student of this subject will profitably explore the bibliographic ref- 
erences for greater details. The references are very inclusive of recognized source articles. 


A summary of the reasons for a trend toward complete medical and heath programs will 
illustrate the organization of detailed content: “1) The number of disabled and older people in 
the population is increasing. This situation can bring problems to the employer. Among them 
are absenteeism due to chronic ailments; high insurance costs of medical benefit policies; and 
correct job placement of older and physically impaired people. All these problems require 
the help of persons trained in medicine. 2) Company competition for efficient workers has 
impressed upon managements the importance of safeguarding the health of their employees, 
in whom they have invested time and money. 3) There is a national consciousness of the large 
number of emotionally disturbed persons in the population. Since many of them are on company 
payrolls, counseling and aid from a company’s medical staff may help to solve their emotional 
difficulties. 4) Industrial advance and an atomic age bring to the job new work materials and 
processes that may affect the health of workers. 5) Many companies have adopted health 
insurance plans as a fringe benefit for employees. They reason that if they are to pay people 
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who are absent because of illness, why not pay for a program to keep people from becoming 
ill? 6) Many companies that have had medical and health programs over a period of years 
can testify to the benefits of these programs. Such testimony is an important influence in 
determining other companies’ decisions to institute health plans. 7) Since World War II many 
companies have adopted periodic physical examination plans for executives. In some cases 
these programs have resulted in startling discoveries of unsuspected physical disabilities in 
executives. This has led many companies to offer periodic examinations to all their employees. 
8) Unions have pressed management to include benefit insurance provisions covering the 
medical needs of workers in collective bargaining agreements. This situation is causing some 
managements to decide that it is smarter to have preventive health services that detect trouble 
in its early states than to pay the heavy insurance costs that result from more extensive 
remedial care later on.” 


J. P. Bartrert, M.D. 
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